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BEFORE YOU BEGIN . . . 


You are about to take a fabulous trip. On much of your 
trip you will be exploring things you know something 
about. But you will be looking at them in a new way. 

In this book you’ll learn about things you see when you 
work, eat, and play. You’ll learn something about 
water, air, metal, and salt, for instance. And you’ll learn 
about things that may be new to you, too! 

On this guided tour you will examine the small world 
of the atom, and the many uses of atomic power. You’ll 
even learn how to prevent rustl 

Your guide book is set up in a special way. Each stop- 
over, or Aim, begins with the things you’ll need to 
know. This is followed by a series of exercises. Take 
your time on these. And look back to the Aim page 
when you ’re not sure of an answer. There will be exp er- 
iments along the way — and a few surprises, too! 

So get ready. Your trip is about to begin. Have a good 
time . . . and, oh yes, don’t forget to write! 







SCIENCE SAFETY 


Science is! the study of the world around you. The study of any branch of science 
includes "learning by doing.” Investigations, experiments, demonstrations. Activities 
in which you are involved. You make things happen. 

Safety is a very important part of these activities. Even if you are only reading 
about an investigation, you should know about the safety precautions that MUST be 
taken. The following SAFETY ALERT SYMBOLS are designed to call these precau- 
tions to ydur attention. They appear on pages wherever any of these dangers are pres- 
ent. 



Toxic Vapors 



Sharp Objects 



Hot Objects 



Lab Apron 
or Coat 


Safety goggles and a laboratory apron or coat should be 
worn for all activities or investigations. 


When working near an open flame, be sure that hair and loose clothing 
are secured in some manner. 


Many chemicals are poisonous, or toxic. Never taste, touch, or smell any 
unknown substance unless told to do so by your teacher. 

Caustic (KAW stik) substances can bum your skin, eyes, and clothing. 
Handle these substances with extreme care. Acids and bases (such as 
lye) are caustic. 


Never inhale any vapors directly. To test the odor of a substance, use 
your hand to waft the vapors to your nose. 


Always handle sharp objects with great care. 

Glassware, such as beakers, test tubes, glass tubing, and thermometers 
should be handled very carefully to avoid breakage. Never pick up bro- 
ken glass with your bare hands. 


Never use electrical appliances near water or other liquids. Always in- 
spect wiring for worn or broken insulation. Unplug all electric cords 
when not in use. 


When handling hot objects, use tongs or padded gloves. Never set hot 
objects directly on a desk or table top. Set them on a heat-resistant pad. 
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or energy? 


Think about the world around you. You see things. You 
i hear things. You feel things. The world has salt, air, water. 

! baseball bats, and aluminum cans. The world has noise, music, 
i heat, and light. 

Everything in the world is either matter or energy. How 
I can you tell if something is matter or energy? 

Matter takes up space. Matter has mass and weight. 
Anything that takes up space and has mass and weight is 
matter. Wood is matter. Iron, glass, water, and even air are 
matter. 

Anything that can make something move is energy. 
Electricity is energy. Heat is energy. Light and sound are 
energy. Energy has no mass or weight. Energy does not take 
up space. 

Chemistry is the study of matter. It is the study of what 
matter is made of. how matter changes, and what the properties 
of matter are. 

You think about properties ail the time. Is it red or blue? 
Is it heavy or light? How does it smell? Color, weight, and smell 
are a few properties. Every kind of matter has its own proper- 
ties. Properties help to identify matter. Another word for 
properties is characteristics {ka rack tuh R1ST icks). 


WHICH IS MATTER? WHICH IS ENERGY? 


Each picture shows matter and energy. Figure out what is matter in each picture. 
You cannot see energy, but you can see what it does. What is the source of energy in 
each picture? 

Write your answers on the lines under each picture. The first one has already 
been done for you. 
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COMPLETING 

SENTENCES 


Complete the sentences with the choices below. Two of these 
choices may be used three times. 


TRUE OE Write T on the line next to the number if the sentence is true. 
FALSE F if the sentence is false. 


electricity light weight 

move- characteristics energy 

heat : smell color 

chemistry matter 

1. Everything in the world is either or 

2. i has no weight. 

3 . _ 1 does not take up space. 


4. Energy can make something 

5. Three .kinds of energy are and 

6. 1 __ takes up space. 

7. 1 has weight. 

8. The study of matter is called 

9. Three’ properties of matter are — and 

10. Another word for properties is 

MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1- Matter and energy are the same. 

2. Energy has weight. 

i 3. Energy takes up space, 

i 

1 4. Matter has weight. 

5. Matter takes up space. 

6. Iron and air are examples of matter. 

7. ________ Light and sound are examples of matter. 

j 

' 8. Properties help us identify matter. 

i 9- Smell is an example of a property of matter. 

i 

10. Two things are tested. Their properties are found to be exactly the same. 

This proves they are different. 


COMPARING CHARACTERISTICS 

The two objects in each pair below share some characteristics. But some of their 
characteristics are different. List on the left two characteristics that are the same. On the 
right, list two characteristics that are different. 


Same Characteristics Different Characteristics 


2. 

i color 

i matter 

3. 

’ energy 

4. 

properties 

5. ; 

chemistry 


a) does not take up space and has no 
weight 

b) the study of matter, how it changes, 
and what its properties are 

c) a property of matter 

d) takes up space and can be weighed 

e) help us identify matter 
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Same Characteristics 


Different Characteristics 
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Same Characteristics 


Different Characteristics 
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WORKING Some of the characteristics listed on the chart below are true of 
WITH cats on ty- Some are true only of humans. Some of the char- 
CHARTS ac * e ” s ^ cs are found in cats and humans. 

Fill in this chart. Answer the questions by writing either yes 
or no in each box. 


Si- 


V 
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Human 


Is it alive? 

Is it an animai? 

Does it give birth to iive babies (not eggs) 
Does it walk on two legs? 


Does it walk on four legs? 
Is it able to talk? 

Does it have fur? 

Is it able to learn to read? 


IS IT 'Tell whether each of the following is matter or energy. Write 
MATTER OR “M" for matter and "E” for energy on the line provided. 

ENERGY? 


Has weight and takes up space. 

Sometimes cannot be seen but has weight and takes up space. 

Has no weight. Takes up no space. 

Has no weight. Takes up no space. But is able to move something. 


: i- ;Ws)sin5 














5. 


a light bulb 

6 the light from a light bulb 

7 I a piece of coal 

8 _____ the heat from a burning piece of coal 

9 i the sound of a bugle 

jO, 4_ a bugle 


iwOKB Unscramble each of the following to form a word or term that 
„ £ you have read in this Aim. 


1. REYGNE 

2. ETMRAT 

3. 1RE05PRTPE 

4. TRAIRHCETCASiSC 


Why is it hard to tell about something from only one or two 
characteristics? 










y can we tell if matter is 
a soli 


Matter can be a solid, a liquid, or a gas. Solid, liquid and 
gas are the three states, or phases, of matter. You probably have 
sqme idea of what we mean by solid, liquid, and gas. You proba- 
bly know that a baseball is solid, water is a liquid, and air is a 
gas. 

I But there may be some kinds of matter you might not 
be sure of. Is it a solid or a liquid? Or a liquid or a gas? 

All solids have certain properties. The properties that 
are the same for all solids help us decide whether something 
isia solid. And they help us make rules that fit solids as a group. 

Solids are like all matter. They take up space. They have 
weight. 

But a solid takes up a definite amount of space. It does 
nk keep changing the amount of space it takes up. 

And a solid has a definite shape. It does not keep chang- 
ing its shape. When a solid is in a container, it does not change 
its shape. It does not take the shape of the container. 

Solids come in many colors, weights, and hardnesses. 
Some have odors (smells). These properties help us tell one 
solid from another. 
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WHAT DO THE PICTURES SHOW? 

Each of these pictures shows at least one property of any solid. Look at each picture. 
Then answer the questions. Circle the letter of the picture that best answers each ques- 
tion. You may use a picture more than once. 



Which picture shows that a solid . . . 
t. ... takes up space? A B C D 

2. ... does not take the shape of its container? A B C D 

3. ... does not fill a container larger than itself? A B C D 

4. ... has weight? A B C D 

5. ... has a definite shape? A B C D 
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COMPLETING Complete the sentences with the choices below. 

sentences 


MATCHING Match the two lists. Write the correct letter on the line next 
to each number. 


solid space gas 

weights three hardnesses 

definite colors liquid 

weight 

1. There are __ states of matter. 

2. The three states of matter are: and 


3. 


4. 


5. 


1 . 


2 . 


4. 


3 . 


6. 


7. 

8 . 


9. 


10 . 


All matter has and takes up 

A solid j takes up a amount of space. 

Solids come in different . and 


T SUE Qp x Write T on the line next to the number if the sentence is true. 
FAL^E Write F if the sentence is false. 

i A solid is the only form of matter. 

L_ Every solid has weight. 

i 

| A solid takes up a definite amount of space. 

L_ A mountain is an example of a solid. 

L_ A piece of dust is an example of a solid. 

L_ A solid shapes itself like its container. 

1_ A small amount of a solid fills a large container. 

— i Every solid of the same size weighs the same. 

_i Solids come in different colors. 

Every solid has an odor. 


1 . 


2 . 

3. 

4. 


5. 


energy a) 

hardness b) 

properties c j 

matter ,, 

d) 

solid, liquid, gas 


the states of matter 

has weight and takes up space 

has no weight and takes up no space 

a property of solids 

help to identify matter 


CHOOSE Choose the correct word or term for each statement. 

ONE 


Write your choice in the space. 

1. A very small solid ___ have weight. 

does, does not 

2. A piece of dust take up space. 

does, does nol 

3. A solid take on the shape of its container. 

does, does not 

4. A solid spread to fill its container 

does, does not 

5. Solids come in different 

states, hardnesses 


COMPLETE Fill in each space in the following with a YES or NO in each 
THE CHART box - 


Take Up A ' Spread Out- 

Definite Have ward To Fill 
Have Take Up Amount Of Definite Their 
Weight Space Space Shapes Containers 


Small 
Amounts 
Fill Large 
Containers 


solids 


The photograph shows what earth looks 
like from the moon. 

Part of the earth is covered with water. 
But most of the earth — through and 
through — is solid. 


Whaf clues do you see in this picture that tell you that the earth is solid? 


VvO-KD Unscramble each of the following words to form a word that 
S-^HAlvIBUE y° u have read in this Aim. 

1. DOLS1 

2. PHEAS 

j 

3. RATTEiVl . 

4. DOOR 

5. GETVVIH 

CZ ACHING When sand is placed in a jar it looks as if it takes on the exact 
Qy'-p shape of the jar. It really does not. How can you show that it 
does not? 












! Water is probably the liquid that you know best. For 
us, it is the most important liquid. There would be no living 
things without water. 

There are many other kinds of liquids. Ail liquids have 
certain properties that are the same. 

A liquid is like all other matter. Every liquid has weight. 
There are different weights for different liquids. Mercury is a 
very heavy liquid. It is about thirteen times heavier than water. 

: A liquid does take up space. It does take up a definite 

amount of space. We can measure how much space a liquid 
takes up. 

But a liquid has no definite shape. It flows. It spreads 
out and takes the shape of its container. And if a liquid is not 
nioving it will always be flat on top. This is an important dif- 
ference between liquids and solids. Solids have a definite 
shape. Liquids do not have a definite shape. 

Liquids come in different colors and weights. Some 
liquids have odors. Some liquids are poisonous. These prop- 
erties help us tell one liquid from another. 


WHAT DO THE PICTURES SHOW? 


Each of these pictures shows at least one property of any liquid. Look at each picture. 
Then answer the question. Circle the letter of the picture that best answers each question. 




(A picture may be used more than once.) 
Which picture shows that a liquid . . . 

1. ... takes up a definite amount of space? 

2. ... has weight? A B C D 




A B C D 


A B C D 


3. ... takes on the shape of its container? 

4. ... does not fill a container larger than itself? A B C D 

5. ... has no definite shape? A B C D 










MULTIPLE fa the space on the right, write the letter that best completes 

CHOICE each seance. 


1. A liquid is matter because it 1- 

a) is: hard. 

b) has its own shape. 

c) has weight and takes up space. 

2. The rftost important liquid is 2. 

a) cleaning fluid. 

b) water. 

c) chicken soup. 

3. All liquids 3. 

a) aie water. 

b) flow. 

c) hhve odors. 

4. A liquid has a definite shape only when it is 4. 

a) water. 

b) in a container, 
e} being poured. 

5. “Definite'' means 5. 

a) definition. 

b) fine. 

c) exact 


TiRUE OR Write T on the line next to the number if the sentence is true, 
j p,£JLSE Write F if the sentence is false. 


1. A liquid has weight. 

2. ______ The top of a liquid is always flat. 

3. _____ A liquid has a shape of its own. 

4. i All liquids weigh the same. 

5. A liquid can spread outward by itself. 

6. i A liquid can move upward by itself. 
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7. A liquid will take up a definite amount of space. 

8. A liquid can be made to have any shape. 

9- Every liquid is made of water. 

10. In trying to identify a liquid, you should first taste it. 


COMPLETE 
THE CHART 


Fill in each space in the chart with a YES or NO. Then answer 
the questions below the chart. 


solids 


Take Up A 
Definite 

Have Take Up Amount Of 
Weight Space Space 


Smali 

Spread Out- Amounts 

Have ward To Take Fill 

Definite On Shape Of Large 

Shapes Container Container 


liquids 


Use the chart to answer these questions. Write your answer in the space to the right of 
each question. Write S for solid, L for liquid. 

1. Which states of matter have weight? 

2. Which states of matter take up space? 

3. Which of the states of matter take up a definite amount of space? 

4. Which state of matter has a definite shape? 

5. Which state of matter has no definite shape? 

6. Which state of matter takes on the shape of its container? 

7. Which state of matter does not take on the shape of its container? 

8. Which states of matter do not always fill a container? 
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REACHING More than 70% of our planet is covered with water. Yet, in some 
j OUT pi aces there is not enough water for drinking or farming. Why? 


gas: a state of matter that does not 
have a definite shape and does 
not take up a definite amount 
of space 

oxygen: one of the gases of the air. 
All living things need oxygen. 

carbon dioxide: one of the gases 
of the air. Plants take in carbon 
dioxide. 

chlorine: a poisonous gas 









4 How can we tell if matter is 
4 a gas? 


Can you see air? Why not? You can’t see air because it is 
a mixture of gases. And most gases are invisible. But, like all 
matter, a gas has weight. And a gas takes up space. 

Even though it takes up space, a gas does not take up a 
definite amount of space. A gas is always moving. It will spread 
out in all directions to fill its container. A gas will even spread 
upward. In this way, gases are different from liquids and solids. 

A gas has no definite shape. It takes on the shape of its 
container. 

Many gases have odors. Some gases even have color. 

’ Some gases are poisonous. Chlorine [KLOR een] is one exam- 

ple of a poisonous gas. 

Living things need several gases to stay alive. Two very 
iinportant gases for living things are oxygen [OX uh jen] and 
carbon dioxide [KAR bin die OX ide]. All living things need 
oxygen. Plants need carbon dioxide as well as oxygen. Without 
these two gases there would be no life. 
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WHAT DO THE PICTURES SHOW? 



Each of these pictures shows at least one property of any gas. Look at each picture. Then 
answer the questions. Circle the letter of the picture that best answers each question. 




Which picture shows that a gas . . . 

1. ... has weight? ABC 

2. ... takes up space? ABC 

3. ... spreads out to fill its container? ABC 







SHOWING THAT AIR TAKES UP SPACE 


Whai You Need drinking glass piece of paper 

large bowl {or sink) water 



How To Do the Experiment 

1. Fill a large bowl (or your sink) halfway with water (Figure a). 

2 . Stuff a piece of paper into a small glass. Push it all the way to the bottom (Figure b). 

3. Turn the glass upside down. Hold it straight. Put it into the bowl (Figure c). Hold 
it there for a short time. Then lift the glass out. 

4. Look at the paper in the glass. 

Whai You Learned 

1. Did the paper get wet? 

2 . Did the water get into the entire glass? 

3. What stopped the water from filling the glass? 

4. Can two things take up the same space at the same time? 

5. This experiment shows that 

air has weight, air takes up space 

Something To Think About 

What do you think would happen if the bottom of the glass had a hole in it? 

How would you explain that? . 
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COMPLETE Fill in each space in the chart with a YES or NO. Then answer 
THE CHART questions below the chart. 



j j C , E F 

. Take Up A D Spread Out- , Small 

A B Definite Have .ward To Take Amounts Fill G 

Have i Take Up Amount Of Definite On Shape Of Large Can Be 

Weight Space Space Shapes Container Containers Invisible 

solids 

j l 


liquids 



gases 


Answer 
each qr 

1. W 

2. W 

3. W 

4. W 

the following questions. Decide which property or properties are correct for 
estion. Then write the letter(s) of the correct properties from the chart. 

hich properties do all solids, liquids and gases have? 

hich properties do only gases have? 

hich property do solids and liquids have that gases do not have? 

-bob property do only solids have? 


MATCHING Match the two lists. Write the correct letter on the line next to 


each number. 


a) a gas needed by all living things 

b) some gases 

c) have weight and take up space 

d) needed to give gases and liquids a 
shape 

e) a small amount fills a large container 

26 
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1. _ 

I container 

2. __ 

gases, but not liquids 

3. __ 

nxvgen 

4. J 

invisible 

5. _J 

solids, liquids, and 


gases 
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cnange 
> ail o th ex? 


Most kinds of matter can change from one state to 
( another. Think about water. You know that liquid water can 
freeze and turn into solid water — ice. You have seen puddles 
of water seem to disappear. This happens when the liquid 
water turns into a gas — water vapor. The water evaporates 
j [i VAP uh rates]. 

Most matter- can exist as a solid or a liquid or a gas. 
HEAT causes matter to change from one state to another. 

RAISING THE TEMPERATURE: A rise in temperature 
changes some solids to liquids. Raising the temperature still 
higher will turn the liquid into a gas. 

LOWERING THE TEMPERATURE: If you lower its 
temperature, a gas may change into a liquid. Lowering its tem- 
perature still more may change the liquid into a solid. 

Different kinds of matter change their states at dif- 
ferent temperatures. For example, ice changes to water at 
32 °F. But you have to get iron much hotter than that to turn it 
into a liquid. 

The fact that matter can change from one state to an- 
other is important to us. If we could not melt metals to liquid 
and turn them back into solids, we would not be able to make 
many products, like automobiles and frying pans. 

One of the most important ways matter changes from 
one state to another is in the water cycle. Water evaporates 
from oceans, lakes, and streams. It changes to water vapor. 
The water vapor forms clouds. Then the clouds give us rain. 
The change from liquid to gas and back to liquid goes on and 
on. There could be no life without the water cycle. 
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BOILING AND FREEZING TEMPERATURES OF WATER 


Freezing Temperature 
Boiling Temperature 


0 degrees Celsius (0° C) 
32 degrees Fahrenheit (32°F] 
100 degrees Celsius (100° C) 
212 degrees Fahrenheit (212° F) 



A. B. C. 

1. is water found only in one state? 

2 . In what states is water found? 

3. Water in the solid state is called 

4. Water in the gas state is called 

5. For liquid water to change to ice, its temperature must 


rise, drop 






rise, drop 


6. For ice to melt, its temperature must 

7. For water to change to a gas, its temperature must 

I rise, drop 

8. Water that changes to a gas is said to 

I evaporate, snell 

9. For water vapor to change back to a liquid, its temperature must 

rise, drop 

THE WATER CYCLE 


This picture tells the story of the water cycle. 

Look at the picture. Then answer the questions below. In questions 1-4, write the 
number of the correct step. 



1. Which step shows water evaporating from the earth's surface? 

2. Which step shows evaporated water forming clouds. 

3. Which step gives back to the earth the water it lost in evaporation? 

4. Which step goes after step 3? 

5. Why are the changes shown in this picture called the water cycle? . 
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TWO COMMON GASES 


Study each of the pictures below. Then answer the questions. 



A. B. 


Carbon dioxide usually is a gas. But it can be made into a solid. Some people call this 
solid “dry ice." It is called this because it does not melt! It changes to a gas. It evaporates! 
Dry ice is used to keep things cold. It is colder than regular ice. 

1. Why is Dry Ice used in ice cream carts? 

2. What must be done to carbon dioxide gas to change it to a solid? 

3. Which is colder, Dry Ice or carbon dioxide gas? 


If Dry Ice is placed in water we see bubbles rise. 

4. These bubbles are made of in the state. 

5. What happens to the size of the Dry Ice as the bubbling goes on? __ 
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Our space rockets use fuel that is 
mixed with liquid oxygen (LOX]. 

6. What is the usual state of oxygen? 

7. What must be done to oxygen to 

change it to a liquid? 

a. Why must blast-offs not be delayed 

too long? 

9. In LOX, the L stands for ; 

the OX stands for 



MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1. _i 100° C (212° F) 

2 . | evaporate 

3. i liquid to gas. and back 

to a liquid again 

4. — i ice 

5. _i (LC (32" F) 


a) water cycle 

b) water in the solid state 

c) freezing temperature of water 

d) to change from a liquid to a gas 

e) boiling temperature of water 
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COMPLETING Complete the sentences with the choices below. One of these 
SENTENCES Ci ^°i ces may be used more than once. 


gas freezes solid 

100°C (212°F) evaporates water vapor 

water cycle liquid 0°C {32°F) 

1. At room temperature, water is a 

2. If liquid water becomes cold enough, it changes to ice. ice is a 

3. When water changes to ice, we say that it 

4. The temperature at which water freezes is 

5. If the temperature of water rises, it changes to a 

6. Water in the gas state is called 

7. When water changes to a gas. we say that it 

8. In nature, water changes to gas and back to water again, over and over. This is 

called the 

9. When a gas cools, it may change to a 

10. The temperature at which water boils is 


COMPLETE The chart below lists six changes of state. Fiil in the chart by 
THE CHART te ^ in 8 whether a “'rise in temperature" or "drop in temperature” 
makes each change happen. Place a check [/) in the correct 
space opposite each change of state. 




Change Of State 

Rise in Temperature 

Drop In Temperature 

1 . 

solid to liquid 



2. 

liquid to gas 



3 

gas to liquid 



4. 

liquid to solid 



5 

solid to gas 



6. 

gas to solid 
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The Dead Sea is the saltiest body of 
water in the world. U is at least six times 
saltier than the oceans. Dead Sea water is 
so salt}', you can't sink in it — vou float like 
ajcork. Only some brine shrimp and a feu- 
plants live in this salt soup, 
j Here, the sun beats down almost every 
day. In summer, the air temperature 
reaches l40 ft F. As a result, the water be- 
comes very warm. Israeli scientists believe 
they can use this heat to produce electric- 
ity. This is how they plan to do it. 

E Mediterranean water will be pumped 
ihto the Dead Sea. Mediterranean water is 
rhuch less salty and is therefore lighter 
than Dead Sea water. It will therefore, float 
pn the Dead Sea water. 

Normally, heated water rises above 
cooler water. But Dead Sea water cannot 
rise, it is too heavy with its dissolved salts. 
It must stay on the bottom where it remains 
hot. The "cap" of Mediterranean water also 
prevents it from rising to the surface and 
cooling by evaporation. 


The sun continues to heat the surface 
Mediterranean water. The deeper Dead Sea 
water also becomes warmer. It gets hotter 
and hotter. In time, the bottom of the sea 
will become a huge storage tank of near- 
boiling water. 

This hot water will then be pumped to 
an evaporator. There, the heat fom the 
water will vaporize (change to a gas) a spe- 
cial liquid that has a low boiling point. The 
resulting vapor pressure will turn the tur- 
bine of an electric generator. This gen- 
erator. of course, produces the desired elec- 
tricity. That is the goal of the whole project. 
The vapor of the chemical will be changed 
back into a liquid and reused. The Dead 
Sea water will be returned minus some of 
its heat. 

Scientists have built a working model 
of this operation. It works! It produced 
electricity. They plan to divide about half 
of the Dead Sea into several “solar” ponds. 
Working together, they could produce elec- 
tricity for a million and a half people. 


a 

# 


I 

•a. 

I 


* 


\/v. 
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AIM Mow small is an atom? 


What is the smallest thing you can think of? A single 
grain of sand? A particle of dust? 

Now try to imagine something so small that you would 
need millions of them to make one grain of sand! Imagine some- 
thing so small that you cannot see it — not even with the most 
powerful microscope. 

There is something that small. The atom. All matter is 
made up of atoms. All solids, all liquids, all gases are made up 
of these tiny particles. 

Atoms are matter. One atom takes up space — very, very, 
very little space. And an atom has weight — very, very, very lit- 
tle weight. 

How much does an atom weigh? Well, you can’t "weigh” 
one atom on a regular scale. To give you some idea about how 
small an atom is, it would take almost three hundred billion 
trillion atoms (300,000,000,000,000,000,000,000) to make one 
ounce (28 grams). 

You may wonder how we could know anything about a 
particle of matter that is too small to see and almost too small to 
measure. Scientists have learned how to study atoms. They 
study atoms by studying how matter behaves. They use very 
complicated equipment. However, you can learn about atoms 
by studying what scientists have learned. 

There is one thing you should know about atoms. An 
atom is made up of smaller parts! You will learn about these 
smaller parts in Aim 12. 
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LARGE NUMBERS AND SMALL THINGS 


There are about six sextiilion A. 
atoms in just one drop of water. 

That’s 6,000,000,000,000,000,000,- 
000 atoms. If you tried to count to 
six sextiilion it would take you 
about one hundred trillion years — 

If you counted fast! 

Suppose each of those atoms were a 
drop of water. How much water 
would that be? It would be six sex- 
tiilion drops of water. 


That’s more water than all the water 
that passes over Niagara Falls in 
2000 years. 


That’s enough water to fill about six 
billion Empire State Buildings. 


That’s enough water to cover the en- 
tire United States, including Alaska 
and Hawaii, with water 31.4 meters 
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TRUE 'OS Write T on the line next to the number if the sentence is true. 
FALSE Wrh® F if the sentence is false. 

An atom is very large. 

Scientists can see the atom with powerful microscopes. 

Solids are made of atoms. 

Liquids are made of atoms. 

Gases are made of atoms. 

Scientists know nothing about the atom. 

Scientists are stiil learning about the atom. 

We cannot study the atom because we cannot see it. 

We can study only things we can see. 

We learn about the atom by studying matter. 






What is an element? 


7 


i One drop of water contains six sextillion atoms. How 

| many atoms do you suppose there are in one liter (1.1 quarts) of 

: water? Or in all the water in the Atlantic Ocean? 

Let’s take this a little further. How many atoms do you 
, think there are in all matter? (Remember, everything that exists 
is matter.) The number is so enormous, it is impossible to de- 
! : scribe. But, even with the enormous number of atoms in the 

i universe, only 109 different kinds of atoms have been identified 
: at the present time. This means that everything we know — 
i [ every kind of matter — must be made up of one or more of these 
109 kinds of atoms. 

Most matter is made up of two or more kinds of atoms. 
But, some matter is made up of only one kind of atom. Any 
i ; sample of matter that is made up of only one kind of atom is 
; called an element. 

j Think about this. If there are only 109 kinds of atoms, 

| there must be 109 different elements. There is one element for 
each kind of atom. The atoms of any one element are almost 
exactly alike. But, the atoms of any given element are different 
| ! from the atoms of every other element. 

j You know the names of some elements — gold, copper, 

| iron, oxygen, iodine, and probably many more. Only 88 of the 
known elements have been found in nature. The other 21 have 
| been made by scientists in the laboratory. Most of these have 

been made in very small amounts. In the future, more elements 
will probably be created. So, the total number of known ele- 
j ments will increase. 

Most elements are found in the solid state. Some are 
found as gases. Only two elements — mercury and bromine— are 
| found as liquids at usual temperatures. 


MORE ABOUT Look at each picture below. Read about the picture. Then try to 
ATOMS answer questions with each picture. 



This is what scientists think an atom 
looks like. 

Different elements have different atoms. 
Sometimes the differences are very slight. 

1. How many different kinds of atoms 

are there? 

2. What do we call matter that has only 

one kind of atom? 



The atoms of any one element are almost 
exactly alike. 

Each of the circles in the picture stands 
for one atom of the element iron. 

If we could study just one of these atoms, 
it would still have the properties of iron. 

The smallest part of an element is just 
one atom of that element, 

3. Is it possible to study just one atom? 


4. Explain your answer. 


B. 







i RUE OR Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentences is false. 

i 

1. — Every atom in the world is exactly alike. 

2. — ! There are only 109 different kind of atoms known. 

3. — i There are 90 different elements. 

4. — ; An element has only one kind of atom. 

5. — i Atoms of different elements are alike. 

6. _i A piece of iron has only one kind of atom. 

7. — 1 A piece of iron has only one atom. 

8. — i An atom of iron is the same as an atom of oxygen. 

9. — The smallest part of an element is one atom. 

10. _J Scientists may make new elements in the future. 
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CHARTS OF SOME CHEMICAL SYMBOLS 


TIM 


Q 

o 


What are the symbol 
for 111 8 elements? 


Symbols are signs that stand for something else. Here 
are some symbols that you may know: $ % s & #. What does 
each one stand for? The names of elements can also be writ- 
ten in symbol form, such as the letters S and Ni. 

HOW DO THE ELEMENTS GET THEIR SYMBOLS? 

The symbol of an element is taken from its name, 

1. Often the first letter of an elements's name is the 
symbol for that element. For example,, the symbol 
for oxygen is O, and the symbol for carbon is C. 
See Chart I. 

2. The name of an element may begin with a letter 
that is already the symbol for another element. In 
this case we use 

■ the first two letters, as Os for osmium, or 

■ the first letter and some other letter from the 
name, as Cl for chlorine 

See Chart II. 

HOW DO ELEMENTS GET THEIR NAMES? 

1. The symbols for most elements are taken from 
their names in other languages — mostly Latin and 
Greek. For example, the Latin name for iron is fe r- 
rum. The symbol for iron is Fe. See Chart III. 

2. Several elements are named after places or after 
famous scientists. For example, Am for americium 
and Es for einsteinium. 

RULES FOR WRITING SYMBOLS 

1. The symbol always begins with a capital letter. 

2. If there is a second letter, it is a small letter. 

3. No period is used at the end of the symbol (unless 
it comes at the end of a sentence). 

The symbols for the elements are the same all over the 
world. It makes no difference what country you are in — or 
what language is spoken there. The '‘language" of chemistry 
is the same all over the world. 


Element 

Symbol 

oxygen 

0 

t 

carbon 

C 

nitrogen 

N | 

hydrogen 

H 


CHART II: 


Element 

Symbol j Element 

Symbol 

osmium 

Os ] chromium 

Cr 

chlorine 

Cl 

cadmium 

Cd 

! calcium 

Ca 

europium 

Eu 

! helium 

He 

palladium 

Pd 

aluminum 

Al 

platinum 

Pt 

nickel 

Ni 

zinc 

Zn 


CHART III: 


Element 

Symbol 

Named for 

californium 

n 

California 

europium 

Eu 

Europe 

curium 

Cm 

Marie Curie, French scientist 

fermium 

Fm 

Enrico Fermi, Italian physicist 


C HART P. : 


Element 

Symbol 

Foreign name | 

lead 

Pb 

plumbum (Latin) 

gold 

Au 

aurium (Latin) 

barium 

Ba 

barys (Greek) 

lithium 

Li 

lithos (Greek) 
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i FINDING 
SYMBOLS FOX 


ELEMENTS 


The names of the elements and their symbols are listed on page 
186. Find this list. Then write the symbol for each of the follow- 
ing elements. 


Element ! Symbol 

1. copper 

2. lithium 

3. silicon 

4. I zinc j 

j ' 1 ' *" 

5. thorium : 

6. krypton 

7. tin ; 

8. bismuth 

9. boron 

10. curium 



FiNDIM'C Now let's do it another way. 


j&U&fcf&i "1 1 S The symbols for twenty elements are listed below. Name the ele- 
FOX SYMBOLS meat for each symbol. 
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FIND THE The first sentence in each pair of this exercise is complete. Fill 
RIGHT * n blank in the second of each pair of sentences. 

SYMBOL 

1. The symbol for nitrogen is N. 

The symbol for neon is 

2. The Latin name for sodium is natrium. 

The symbol for sodium is 

3. The symbol for fluorine is F. 

■ The symbol for francium is 

4. The symbol for hydrogen is H. 

The symbol for holmium is 

3. The symbol for carbon is C. 

The symbol for cobalt is 


COMPLETING Complete the sentences with the words below. 

SENTENCES 

capital two symbol small 

1. The short way of writing an element is called its • 

2. The first letter of a chemical symbol is always a letter. 

3. If a chemical symbol has two letters, the second letter is always a 

letter. 

4. A chemical symbol never has more than letters. 
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TRUE OR Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentence is faise. 


1 . Every element has its own symbol. 

2. A chemical symbol can have three letters. 

3. J A scientist in China cannot understand the chemical symbols in a book 

written in English. 

4. The second letter of a chemical symbol is a capital letter. 

5. Only elements have symbols. 


fylA'i CHING Match the two lists. Write the correct letter on the line next to 



each number. 



1 . _ 

symbol 

a] 

never used as a chemical symbol 

2. J 

each element 

b) 

always a capital letter 

3. J 

4. J 

second letter of a chem- 
ical symbol 

three letters 

c) 

d) 

has its own chemical symbol 

sign that stands for something else 

3. _i 

first letter of a chemical 
symbol 


always a small letter 


irtE ACHING Why is it so important to have only one set of chemical symbols 
OUT ' n the world? 


! 

[ 
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By the mid-1800's, 60 elements were known. Scientists 
had quite a bit of information about these elements. But, the 
information wasn’t organized, so it wasn’t very useful. In 1869, 
a Russian scientist named Dmitri Mendeleev (duh MEE tree 
men duh LAY uf) made a chart of the known elements. Since 
that time, more elements have been discovered and added to the 
chart. The chart is called the Periodic Table of the Elements. 
Every country uses the same Periodic Table. 

In the Periodic Table, elements are arranged in order of 
their atomic numbers. (You will learn more about atomic num- 
bers in Aim 12.) With a couple of exceptions, atomic numbers 
are in the same order as atomic weights. That is, the lightest 
element has the lowest atomic number; the heaviest element 
has the highest atomic number. 

Look at the Periodic Table on page 51. Hydrogen has an 
atomic number of 1. It is the lightest element. Aluminum (Ai) 
has an atomic number of 13. Only 12 elements are lighter than 
aluminum. 

Each row across the Periodic Table is called a period. All 
the elements listed in a row belong to the same period. There 
are seven periods. 

Each column in the Periodic Table is called a group, or 
family, of elements. All of the elements in a group have many 
similar properties. Each group is identified by a Roman numeral 
and a letter. For example, the column of elements at the left side 
of the table is Group I A. 

Notice that each group is also identified with an Arabic 
numeral (1-18). In the past, only the Roman numerals were 
used. But, in 1984, scientists around the world agreed to switch 
over to using Arabic numerals. For a while, both types of nu- 
merals will be used until everyone gets used to the new system. 
In this book, we will use Roman numerals to identify groups in 
the Periodic Table. 

Elements can be divided into two groups — metals and 
nonmetals. There are more metals than nonmetals. In the Peri- 
odic Table, metals are on the left, nonmetals are on the right. A 
heavy, step-like line separates the metals from the nonmetals. 
Hydrogen is in two places in the Periodic Table because it can 
act as a metal or a nonmetal. 


3. List the name, symbol, and atomic number of each element in Period 3 


Symbol 


Atomic Number 






4. iiist the name, symbol, and atomic number of each element in Group IIIA. 

Name Symbol Atomic Number 



5. Which group has more than one column? 

II. finding the Element 

The periods and families of five elements are listed below. Find each element in the 
Periodic Table. Then fill in the missing information. One element, oxygen, has al- 
ready been done for you. One has more than one answer. 


f 

eriod 

Family 

or 

Group 

Elements 

Symbol 

Atomic 

Number 



2 

VIA 

oxygen 

0 

8 

j 


3 

IA 




1 

| 


4 

VIII 




I 

f 

f 

I 

i 

1 

0 




1 

i 

6 

IIB 
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After you have completed the chart, answer the following questions about the ele- 
ments on the chart. 


a) Which one of these elements is the lightest? 

ib) You know it is the lightest because it has the 

( highest, lowest 

atomic number. 


III. Finding the Periods and Groups 

The names of five elements are listed below. Find each element in the Periodic 
Table. Then fill in the missing information. 


| 

| Period 

Group 

i ! Atomic 

Element J Symbol Number 


. 

5 ~ 

! 

chlorine { 

j 

[ 

j 

; 



potassium 

' 



{ 

neon i 

i 


f | 

1 

{ 

tin j 

} ; 


i 

» ■ 

krypton i 

\ 

i 



After you have completed the chart, answer the following questions about the ele- 
ments on the chart. 

1. Which of these elements are metals? 

2. Which of these elements are nonmetals? 

3. Two of these elements have many properties that are alike. 

a) Name these elements. 

b) We know they are alike because they are in the same 

period, group 

IV. Naming Elements That Are Similar 

1. Name the elements that have properties like zinc. 

2. Name three elements that have properties similar to chlorine. 


COMPLETING Complete the sentences with the choices below. One of these may 
1 SENTENCES be used twice - 


group or family 
Mendeleev 
the same 


1 . The Periodic Table was put together by a man named 


period 

sixty 

Russia 


atomic number 


named 

in the 


2. The man who put together the Periodic Table came from 

3. The number of known elements in 1869 was 

4. . The elements are listed according to 

5. j Each element is given a number called its 

6. j An atomic number has to do with the of an element. 

7. A heavy element has a atomic number than a light element does. 

8. Elements in the same row across belong to the same — . 

9. . Elements in the same up-and-down column belong to the same 

10., Elements of the same group have many properties that are 


CHOOSE Choose the correct word or term for each statement. Write your 
riMT choice in the space. 


1. Elements in the same row across belong to the same 

period, group 

2. Elements in the same column down are members of the same 


3. Elements that have many similar properties belong to the same 

4. On the Periodic Table, metals are listed on the . 

right, left 

54 On the Periodic Tabie, nonmetals are listed on the 

right 

6. There are more than 

metals, non metals metals, nonmetals 

7. On the Periodic Table, elements are listed according to 


period, group 

period, group 


Iphabet, atomic number 






What are the properties 
of metals? 


Scientists divide all elements into two groups — metals 
and nonmetals. They do this because most metals have certain 
properties that are the same. Most nonmetals share other prop- 
erties that are the same. 

You probably know many metals — tin, iron, silver, gold, 
copper, nickel. You would probably know if something is not 
a metal. But how would you explain what a metal is? 

What are the properties of metals? 

« Metals are solid at room temperature. Think about 
iron, gold, copper, aluminum. They are all solids. Only one 
metal is not a solid at room temperature. That is mercury — 
a liquid. 

■ Metals are silver-gray. That is the color of all metal 
elements except two — gold and copper. Gold and copper are 
not silver-gray. 

■ Metals are good conductors of heat and electricity. 
That means that heat and electricity travel well through a 
metal. 

■ Metals have a certain shiny look. That shine is called 
metallic luster. 

■ Most metals are malleable [MAL ee uh bel]. This 
means that you can hammer or roll out a thick piece into a thin 
piece. Because it is malleable, it won’t break. 

Because of their properties, metals have many uses. 
For example, bridges, automobiles, ships, pots and pans, food 
cans, appliances, and jewelry are all made mostly of metal. 
How many other uses of metals can you think of? 


i 
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CHOOSE THIS EIGHT CAPTION 


I 

I 


j Below are six pictures and six captions. Each caption matches one of the pictures. 

! Choose the caption that best describes each of the pictures. Write the correct caption' 

on the line provided. 

Choose from these captions: 

j Metals are malleable, 

j Metals are solid except for mercury, 

i Metals are good conductors of heat. 

•r 

Metals have a shiny metallic luster. 

! Metals are good conductors of electricity. 

Metals are silver-gray— -except gold and copper. 









TRUE OS Write T on the line next to the number if the sentence is true. 
F A LSE Write F the sentence is false. 

An element has only one kind of atom. 

A metal is a kind of matter. 

All metals are solid. 

All metals conduct heat. 

All metals conduct electricity. 

Mercury is a metal. 

Mercury takes the shape of its container. 

Iron takes the shape of its container. 

The color of copper is silver-gray. 

Matter that is malleable breaks apart easily. 

WHICH Each of the following objects can be made because of a special 
PROPERTY? P ro P8 rt y metak Which property makes it possible to make 
each of the objects? Write the name of the property in the space 
next to the object. Choose from the list on page 56. 

1. aluminum foil 

2. electrical wire 

3. pots and pans used for cooking 

4. automobile trim 

WORD Unscramble each of the following to form a word or term that 
SCRAMBLE y° u have rea( I in this Aim. 

1. RUSTEL 

2. BLAMELEAL 

3. CRUMYER 

4. PROPEC 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


5. LET AM 
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AIM What are the properties of 
111 nonmetals? 


You knqw from your own experience what things are 
metals. You also have a good idea of what things are not metais. 
But what properties do all nonmetals have? 

Nonmetals are found in all states. Some are solids. Some 
are gases. And one nonmetai — bromine— is a liquid. All ele- 
ments that are gases at normal temperatures are nonmetals. 

Nonmetals come in many colors. Bromine [BROME 
een] is a dark red liquid. Sulfur is yellow. Phosphorus (FOS 
fur us) is white or red. Iodine is a steel-gray solid. Many gases 
have no color. They are invisible. 

Some of the properties of nonmetals are exactly the 
opposite of the properties of metals. 

* Nonmetals are poor conductors of heat and electricity. 
A substance that does not conduct heat and electricity is called 
an insulator [IN suh LAY tohr). 

■ Nonmetals have no metallic luster. 

■ Nonmetals are not malleable. They break apart when 
they are hammered. 

Some nonmetals have odors. Some odors are pleasant. 
Other odors are nasty. Chlorine is a greenish-yellow gas with 
a terrible odor. In fact, chlorine is poisonous. 

We need nonmetals in our lives. The gases we breathe 
are nonmetals. Oxygen is the most important of these gases. 
Oxygen is a part of water, too. We cannot live without air and 
water. 



WHAT DO THE Look at each picture. Then answer the questions. 

PICTURES 

SHOW? 



1. A malleable solid _ 

does, does not 

break apart when it is hammered. 

2. The solid in this picture 

is. is not 

malleable. 

3. The solid in this picture probably is 

a 

metal, nonmetai 

4. are malleable. 

Metals. Nonmetals 


5. Sulfur is a con- 

good, poor 

ductor of electricity. 

6. Sulfur is a s ■ 

metal, nonmetal 

7. Nonmetals are — 

good, poor 

conductors of electricity. 
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8. Pots and pans are made of metals. 

Metals are con- 

good, poor 

ductors of heat. 

9. The handle of the pan in this picture 

is covered with a 

metal, nonmetai 

10. Nonmetals are 

good, poor 

conductors of heat. 



MULTIPLE Sn space on the right, write the letter that best completes 
CHOJpp each sentence. 


Nonmetals are 

a) matter. 

b) energy. 

c) malleable. 

Matter that is a gas at room temperature must be a 

a) conductor, 

b) metal. 

c) nonmetal. 

Nonmetals are 

ja) good conductors of heat and electricity, 
h) poor conductors of heat and electricity, 
jc) malleable. 

We know that sulfur is not malleable because sulfur is 
(a) matter. 

b) a metal. 

c) a nonmetal. 

An example of a poisonous gas is 

a) oxygen. 

b) hydrogen. 

c) chlorine. 


! 

i 


TRUE OR Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentence is false. 

1. _______ Nonmetais are found in solid, liquid, and gas states. 

2. At room temperature, a metal can be invisible. 

3. Some nonmetals are invisible. 

4. Phosphorus is invisible. 

5. Nonmetals have a metallic luster. 

6. Nonmetais come in only a few colors. 

7. Metals are malleable. 

8. Nonmetais can be hammered, (Careful, this is a trick question!) 

9. Nonmetais are good conductors of electricity. 

10. Metals protect us from heat. 


COMPLETE Fill in each space in the chart below by answering the questions. 

THE CHART You ma y l°ok ' 3ac ^ c to find die answers. 
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metals, non metals 


1. 

Gases are _ 

\ me 

als. nonmetals 

2. 

This book is a 



metal, nonmetal 

3. 

i 

Metals are 

r.nndnr.tors of elprlricity. 


good, poor 

4. 

Nonmetals are 

conductors of heat 


good, poor 

5. 

Metals 

malleable. 

! are. are not 

6, 


nonmetals are poisonous. 

[ All. Some 


7. 

Chlorine is a 



liquid, gas 

8. 

Chlorine is 



dangerous, pleasant smelling 

9. 


nonmetals have an odor. 

Some. All 


10. 

Oxygen is a nonmetal because it is 

a gas. needed for life 


a gas. needed for life 


nucleus: the central part of an 
atom, which contains neutrons 
and protons. 

proton: a part of the atom found 
inside the nucleus. 

neutron: a part of the atom found 
inside the nucleus. 

electron: a part of the atom that 
moves around outside the nu- 
cleus. 

atomic number: the number of 
protons in the nucleus of an 
atom. 







Wlmt are the parts of an 
atom? 


In Aim 6 you were told that an atom is made up of 
smaller parts. These tiny parts that make up an atom are called 
subatomic particles. The three main subatomic particles are: 
protons (PROE tonz), neutrons (NEW tronz), and electrons (ih 
LEK tronz). 

Most of the mass and weight of an atom is found in the 
central part of the atom, called the nucleus (new KLEE us). The 
nucleus of an atom is made up of protons and neutrons. These 
particles are very tightly packed in the nucleus. 

Electrons are outside the nucleus. They circle the nu- 
cleus at very great speeds. Electrons are very small and have 
almost no mass or weight. The number of electrons in an atom is 
always equal to the number of protons in the nucleus of that 
atom. 

As you learned in Aim 9, elements are arranged in the 
Periodic Table in order of their atomic numbers. The atomic 
number of an element tells us how many protons are in the 
nucleus on one atom of that element. 

Turn to the Periodic Table on pages 184-185. Look at the 
enlarged square for the element copper (Cu). The number 29 is 
the atomic number of copper. It tells us that an atom of copper 
has 29 protons in its nucleus. 

You just learned that an atom has an equal number of 
protons and electrons. So, an atom of copper must have 29 elec- 
trons. Look at the column of numbers on the right side of the 
box. These numbers show how the electrons are arranged as 
they circle the nucleus. The numbers (2 + 8 + 8 + 18) add up 
to the atomic number (29). 

In any atom, there are three things that are equal: protons, 
electrons, and atomic number. To remember this fact, think of 
the word “pea:” 

rotons 
lectrons 
tomic number 


P 

E 

A 


The table below tells where the parts of the atom are found. 


Name of part 

Where it is found 

proton 

inside the nucleus j 

' 

neutron 

inside the nucleus i 

i 

electron 

outside the nucleus 


MORS AB OUT ATOMS 

Each diagram below and on the next three pages tells 
something about atoms. Study each diagram. Then do the 
exercises. 

1, This diagram shows the center of a lithium atom. 

The center of an atom is called its nucleus. 

1. Name the parts that make up a nucleus. 

2. In the diagram, each “p” stands for a ; 

each “n” stands for a — 

3. How many protons are in a lithium nucleus? 

4. How many neutrons are in a lithium nucleus? 

B. 
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This diagram shows a full lithium atom. 

5. Label the nucleus on the diagram. 

6. Draw in a small “e” next to each electron. 

7. How many electrons does a lithium atom have? 



It. This is a diagram of a different atom. This is a boron atom. 

1. Label the nucleus on the diagram. 

2. ‘Draw in a small “e” next to each electron. 

3. i How many protons does a boron atom have? 

4. How many neutrons does a boron atom have? 

5. iHow many electrons does a boron atom have? 

6. The number of protons and electrons in a boron atom is 

{he same, different 
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I 

\ 

\ 

i 

f 

! 

t 

i 

I 

i 

\ 

5 

| 


7. a) Do the lithium atom and the boron atom have the same kinds of parts? 


b) Do they have the same amounts of these parts? 

8, a} A boron atom has protons than a lithium atom, 

more, fewer 

b) A boron atom has neutrons than a lithium atom. 

more, fewer 

c) A boron atom has electrons than a lithium atom. 

more, fewer 


9. Boron has a atomic number than lithium. (Check your 

higher, lower 

Periodic Table on page 184.) 


10. Different kinds of atoms have amounts of protons, neutrons, 

and electrons. the same, different 




HI. The atomic number of hydrogen is 1. Hydrogen 
is the lightest and most simple atom. 

A hydrogen atom has one proton and one 
electron. A hydrogen atom has no neutrons. 

Hydrogen is the only atom that has no neutrons. 

1 . The number of protons and electrons in 

a hydrogen atom is 

the same, different 

The atomic number of helium is 2. it is 
the second lightest element. 

A helium atom has 2 protons and 2 neu- 
trons in the nucleus. 

2. How many electrons spin around a helium 

nucleus? 

3. The number of protons and electrons in 
a helium atom is 


71 


different, the same 




[ 

j- 


This is a diagram of a calcium atom. Its 
atomic number is 20. 



Compare the atoms of hydrogen and 
helium with a calcium atom. 

4. Which atom has more parts: hydrogen, 

helium, or calcium? 

5. An atom of atomic number 106 has even 
parts. 

fewer, more 


c 

Gf.'IPLETIM-G Complete the sentences with the words below. Three of these 
jNj <T 3 words may be used twice. 


j outside 

empty space 

neutrons 


I protons 

tightly 

atoms 


larger 

nucleus 

electrons 




smaller 

X. 

! All matter is made of tiny parts called 


2. 

:Thfi center part of an atom is called the 


3. 

1 A nucleus is made up of 

and 


4. 

A nucleus is 

packed. 


5. 

S Electrons are found 

the nucleus. 


6. j 

■ Electrons spin around the 



7. 

There is mostly 

between electrons. 


8, 

Protons and neutrons are 

than electrons. 


9' : 

Electrons are 

than protons or neutrons. 


10. 

Different kinds of atoms have different numbers of 




. and 
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You probably know that the word, “charge” is used in 
electricity. You have heard about “charging a battery.” 

There are two kinds of charges. There are positive 
(plus) charges and negative [minus) charges. Scientists have 
learned that some parts of the atom have positive charges. 
Other parts have negative charges. What are the names of these 
parts? 

PROTONS have positive (+) charges. 

ELECTRONS have negative (-) charges. 

NEUTRONS have no charges. They are neutral. 

An atom has the same number of protons as electrons. 
For example, if an atom has six protons, it also has six elec- 
trons. 

Therefore, the number of positive charges equals the 
number of negative charges. The opposite charges balance 
each other. Because of this, THE WHOLE ATOM HAS NO 
CHARGE. 


Part of 
the atom 

Where it is found 

Electrical 

charge 


inside the nucleus 

positive 

proton 


negative 


outside the nucleus 

none 


inside the nucleus 

positive 

neutron 


negative 


outside the nucleus 

none 


inside the nucleus 

positive 

electron 


negative 


outside the nucleus 

none 



B. 



I. Look at this diagram carefully. Then an- 
swer the questions next to the diagram. 

1. a) How many protons does this atom 

have? 

b) How many electrons does this atom 
have? 

2. a) How many plus charges does this 

atom have? 

b) How many minus charges does this 
atom have? 

3. The plus and minus charges — — — 

* rtn nn onf 



balance each other. 





4. Altogether, this atom has 

a plus charge, a minus charge, no charge 

5 . What is the atomic number of this atom? 

6. What is the name of this atom? (Check the Periodic Table on page 184.) 

7. What is its symbol? 

8. Fill in these numbers for this atom. Protons = Electrons = Atomic Number 


rotons 
lections 
tomic number 


j 

C. 

f 

II. Now look at this diagram carefully. Then answer the questions below. 

1. a) How many protons does this atom have? 

b) How many electrons does this atom have? 

2. a) How many plus charges does this atom have? 

b) How many minus charges does this atom have? 

3. The plus and minus charges balance each other. 

do, do not 



Remember: 


l 

l 

j 


f 

! 

5 

V 

f 


i 


i 

i 


i 


4. Altogether this atom has 


a pius charge, a minus charge, no charge 


5. What is the atomic number of this atom? 

6, What is the name of this atom? (Check the Periodic Table on page 184.) 


7, What is its symbol? — 

8. Fill in these numbers for this atom. 
Protons = Electrons = Atomic Number 


COMPLETING 

SENTENCES 


Complete the sentences with the words below. Two of these 
words may he used twice. Two may be used three times. 


same number protons neutrons 

negative balance positive 

no electrons 

1. The main parts of an atom are. and 


2. The nucleus is made up of and 

3. spin around the nucleus, 

4. Protons have a charge. 

3. Electrons have a charge. 

6. Neutrons have charge. 

7. A nucleus has a charge. 

8. An atom has the — of protons and electrons. 


9. The plus and minus charges of an atom each other. 

10. An atomic number tells us how many or — — 

an atom has. 
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[ COMPLETE Complete the following chart by filling in the blanks. Use the 
THE CHART Periodic Table to help. „ 

P rotons 

E lectrons 

A tomic number 


j Atom 

Symbol 

! Number of j Number of 
Atomic number ; protons electrons 

1. 

' hydrogen 



i 

2. 



5 

i 

3. 




1 10 I 

4. 


Cr 


, : 

\ \ 

5 ' !i 1 

! 7 | 

6. 

I gold ! 


! I 

7. 

i 

1 


13 ] < 

8. 

i 

s 


j j 33 

9. 

i 

He 

i i 

10. 

i 

l 


i4 j 

11. 

! iron 


1 ! 
i 

12. i 


F 

i j 

i | 

13. ) 

| 


30 j j 

14. 

! 


16 j 

15. j 

• ! 

! i 


20 

16. j 

: ! sn 

; 1 
* 

17. f 

: chlorine 


i I | 

1 5 

18. 

t 


6 ! 

19. i 

'• 

i 


80 j 

i \ i 



20 , 


iodine 



O) 00 fO 











What are atomic weights? 


H 



You have learned that the atomic number is based on 
the number of protons or electrons of an atom. There is an- 
other method of describing atoms. This method uses the 
number of neutrons and protons'. THE NUMBER OF NEU- 
TRONS AND PROTONS OF AN ATOM IS CALLED ITS 
ATOMIC WEIGHT (MASS). 

In the case of ATOMIC WEIGHT, the weight (or mass) 
is not given in grams or ounces. It is given in ATOMIC 
MASS UNITS (a.m.u.). You can figure out the atomic weight 
of an atom: 

Each PROTON is given a weight of one. 

Each NEUTRON is given the weight of one. 

As strange as it may seem, atomic weights are not usually 
whole numbers. Look at the symbol description for sulfur (S) on 
page 79. Its ATOMIC NUMBER is 16. Its ATOMIC WEIGHT is 
32.06. 

How can the atomic weight be 32.06 instead of exactly 
32? After all, 16 protons plus 16 neutrons equals 32. BUT, not 
ail sulfur atoms have 32 neutrons in the nucleus. A very small 
percentage of them have 17 neutrons! These atoms raise the 
AVERAGE atomic weight of sulfur to 32.06. 

We have learned something new here. Atoms of the same 
element are not all EXACTLY alike. They may have different 
numbers of neutrons. But, all atoms of the same element have 
the same number of protons. Thus, they all have the same 
atomic number. Atoms of the same element that have different 
numbers of neutrons are called isotopes (EYE suh topes) of that 
element. 













II The table below lists fifteen different atoms. The number of protons and neutrons 
in each atom is also listed. Use that information to find the atomic weight of each 
of these elements. Write your answer in the last column. 


WHAT DO 
THE FICTUEES 
SHOW? 


Each picture below shows an atom. Some information is given 
about each atom. Use this information to answer the questions 
about each atom. 


Narfie of 
element 

Number of 
protons 

Number of 
neutrons 

Atomic 
weight j 

1. cobalt 

27 

32 

i 

i 2 - 

zibc 

30 

35 

1 

1 

: 3. 

j 

| 

ctypton 

j 

36 

1 

48 


4. 

lydrogen 

] 

1 

0 

i 

j 

I 

! 5 * 

potassium 

19 

20 

j 

i 6- 

gold 

79 

118 

, i 

j 

f 

, 7. 

arsenic 

33 

42 

| j 

t 

! 8, 

sulfur 

16 : 

16 

i 

; ) 

: 9. 

iodine 

53 

74 

i 

j 

jio. ; 

— 

tungsten 

! 

74 { 

110 

i 

|n. i 

silver 

* 

47 ‘ 

61 

t 

i 

Il2. 1 

i | 

uranium 

i 

1 

92 1 

146 

I 

I i 

w 

lead 

82 

125 

j 

{ — 1 
M 

calcium 

i 

20 

20 

j 

ft 

; 15 - 

oxygen 

. ! 

8 

i 


82 


i 

1 


REMEMBER, 


rotons 
lectrons 
tomic number 


protons + neutrons = atomic weight 


and 



How many neutrons does this atom have? 


How many electrons? 

What is the atomic number? 

What is the name of this atom? . 
What is its symbol? 



How many protons does this atom have? 


How many electrons? 

What is the atomic number? 

What is the name of this atom? 
What is its symbol? 



C. 

1. What is the atomic weight of this atom? 


2. How many electrons? 

3. What is the atomic number? — 

4. What is the name of this atom? 

5. What is its symbol? 
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COMPLETE THE CHAO’S 

I. This chart lists the parts of the atom. 

Tell: a) where each part is found. 

b) its electric charge, and 

c) Us weight. 


Where Found 


Electric Charge 


Weight 


Part of Atom 
proton 
neutron 
electron 


Don't worry about filling in this space. An electron is so light in weight that 1,845 of 
themjare needed to equal the weight of one proton Or one neutron. 


This chart lists five elements. Some information is listed for each. Some informa- 
tion is missing. Fill in the missing information. 

Remember: atomic weight = protons + neutrons 

and 


P rotons 
E lections 
A tomic number 


: 




Atomic 


Atomic 


Element 

Protons 

Neutrons 

Weight 

Electrons 

Number 

1 . 

oxygen 

8 


1 16 

8 

8 

2. 

carbon 


6 

1 

12 


i 

3. 

sodium 



23 

11 

i 


phosphorus 

potassium 


19 


20 


USING THE PERIODIC TABLE 


The Periodic Table lists each atomic weight as a whole number followed by two decimals. 
In the classroom, we do not use decimals. We round off the decimal to its nearest whole 
number. 

Use this knowledge to fill in the chart. The first two are done as examples. 



NOW TRY THESE YOURSELF. 



Use the Periodic Table to complete the rest of the chart. 

1. Find each element on the Periodic Table. 

2. Write down the listed atomic weight. 

3. Round it off. 


Element ) Listed ! Atomic Weight 

1 Atomic Weight ; Rounded Off 



Let’s try it another way. Fill in the missing information. 



85 



MULTIPLE In the space on the right, write the letter that best completes 
CHOICE each sentence. 


X. Atoms are made up of 

a) protons only. 

b) protons and neutrons only. 

c) protons, neutrons, and electrons. 

2. A nucleus has 

a) protons, neutrons, and electrons. 

b) protons and neutrons. 

c) only electrons. 

3. Hydrogen is the only atom that has no 

a) protons. 

b) neutrons. 

c) electrons. 

4. An atomic weight equals 

a) protons plus electrons. 

b) electrons plus neutrons. 

c) protons plus neutrons. 

3. Which of these atoms has the most protons? 
(Use the Periodic Table to find the answer.) 
i) sodium 

b) iodine 

c) aluminum 


TJriUii Qi< Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentence is false. 


An atom has no weight. 

An electron is the heaviest part of an atom. 

All atoms weigh the same. 

All protons weigh the same. 

All oxygen atoms weigh the same. 

An oxygen atom can weigh the same as a hydrogen atom. 

To find the atomic weight of an atom, we add the protons and electrons. 

The atomic weight of bromine is 79.90. 

The rounded off weight is 79. 



1 . 


2 . 


3. 


4. 


5. 
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r are 


ns an 

8 US? 


Electrons spin very fast. They spin in orbits around the 
nucleus. The spinning is so fast that they seem to form a solid 
shell around the nucleus. Ail atoms except hydrogen and he- 
lium atoms have more than one shell. 

We label the shells of electrons. Each shell is labeled with 
a capital letter. The first shell is the “K” shell It is the shell 
closest to the nucleus. The next shell is the “L” shell. After 
that comes the "M” shell. And so on. 

Each shell can hold only a certain number of electrons. 

The “K" shell can hold 2 electrons. 

The “L” shell can hold 8 electrons. 

The "M” shell can hold 8 electrons.* 

The number of shells an atom has depends on the num- 
ber of electrons for that atom. Each shell must have its full num- 
ber of electrons before a new shell starts. If there are more 
electrons than a shell can hold, a new shell starts. 

The outer shell of most atoms is not full. Only the atoms 
in the elements of Group O on the Periodic Table have full 
outer shells. 



* through atomic number 20. 


"WHAT DO THE PICTURES SHOW? 


The pictures below show how electrons are arranged in two atoms. Look closely at each 
figure. Then answer the questions. 


This figure shows a sulfur atom. The atomic 
number of sulfur is 16. 


1. How many shells of electrons does sulfur have? 

2. a) What is the first shell called? 

b) How many electrons does the first shell have? 

c) Is this first shell full? 

d) The first shell is the nucleus. 

closest to, farthest from 

3. a) What is the second shell called? 

b) How many electrons does the second shell have? 

c) Is this second shell full? 

4. a) What is the third shell called? 

b) How many electrons does the third shell have? 

c) Is this third shell full? 

5. Altogether, how many electrons does sulfur have? 

6. Is another shell needed? 

7. Circle the answer that best completes the sentence. Another shell is not needed 
because: 

a) the last shell is full. 

b) this atom has no more electrons. 
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MORE ABOUT ELECTRONS 


Each picture below shows how electrons are arranged in certain atoms. Look at each 
diagram. Then answer the questions. 


A. The atomic number of hydrogen is 1. 
Hydrogen is the simplest atom. It has only 
one electron. 

1. How many electron shells does a 

hydrogen atom have? 

2. What is this shell called? 

3. Is this shell complete? 

B. The atomic number of helium is 2. A he- 
lium atom has two electrons. 

1. How many electron shells does a he- 
lium atom have? 

2. What is this shell called? 

3. Is the shell full? 

C. The atomic number of lithium is 3. A lith- 
ium atom has three electrons. 

1. How many electron shells does a lith- 
ium atom have? 

2. What are these shells called? 

3. Which one is the inner shell? 

4. Is the inner shell full? 

5. Which is the outer shell? _ 

6. Is the outer shell full? 
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MULTIFILE In the space on the right, write the letter that best completes 
CHOI — E eac h sentence. 

1. Electrons move 

a) inside the nucleus. 

b) very slowly. 

c) outside the nucleus. 

2. Electrons move in paths called 

a) roads. 

b) orbits. 

c) electrical charges. 

3. An electron shell 

a) is solid. 

b) only seems to be solid. 

c) is tightly packed. 

4. Electron shells seem to be solid because the electrons 

a) move very fast. 

b) have a minus charge. 

c) balance the protons. 

5. Which shell is the “M” shell? 

a) first 

b) second 

c) third 


T.KUS OR. Write T on the line next to the number if the sentence is true. 
F / LS.E Write F if the sentence is false. 

Every atom has at least one electron. 

Every atom has at least two electron shells. 

The first electron shell is the "L” shell. 

The “L” shell can hold 8 electrons. 

The "L” shell always has 8 electrons. 

If there is an “L” shell, it means that the “K” shell is full. 

A full “K” shell has three electrons. 

A helium atom (atomic number 2) is a "full” atom. 

A shell must be full before a new shell is started. 

The heavier the atom, the fewer the electrons. 


1 . 

2. 

3. 

4. 
3, 
6 . 

7. 

8. 
9. 


1 . 


2 . 


3. 


4. 


5 . 


10 . 
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Sometimes the information needed for drawing an atom is given like this. ; N' 



-The symbol is in the middle. 

—The number on the left is the atomic number. 
-The number on the right is the atomic weight. 


Example 



Total number of electrons^ 5^ 

K = 2e~ L=3e~ 

1 . How many electrons does a boron atom 


2. How many electron shells does a boron 

atom have? 

3. How many electrons are in the M K” shell? . 

4. Is the “K" shell full? 

3. How many electrons are in the “L” shell? 
6. Is the “L” shell full? 


III. j Sodium (Na) 

j Atomic number — 11 
j Atomic weight = 23 
Total number of el^trons^^l^^ 

K=2e~ L = 8e“ M = le~ 

1. How many electrons does a sodium atom 


2. . How many electron shells does a sodium 
atom have? 


3.i Which shells are complete? 



Total number of electrons = 20 




K = 2e L = 8e M = 8e~ N = 2e~ 


1. How many electrons does this atom 

have? „ 

2. How many electron shells does this atom 

have? 

3. Which shells are full? 

4. Which shell is not full? E. 



5. What is the name of this element? 


dsl&w the atom 

Use the information below to draw an atom of each of the listed elements. First, use the 
given information about each atom to fill in the blanks. Then draw the atom in the space 
on the right. 

Remember .‘atomic weight = protons + neutrons 
— and 
P rotons 
E lectrons 
_A tomic number 


1. Carbon (C) 

atomic number - 6 
atomic weight = 12 

protons - 

neutrons = 

electrons = 


2. .,Be s 

atomic number = 

atomic weight = 

neutrons = 

electrons = 

What is the name of this element? 
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Pi 

£>:r£ 

8 


M Sif B 

atomic number = 
atomic weight = 

protons = 

neutrons = 


electrons = - 


Witat is the name of this element? 


4 , Neon [N) 

atomic number = 10 
atomic weight = 20 


protons = - 
neutrons = 
electrons * 


,-Cl 5S 

atomic number = 
atomic weight = 

protons = 

neutrons = 

electrons = 


VVhat is the name of this element? 
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[M What are compounds 
17 and molecules? 


A deck of playing cards has 52 cards. How many dif- 
ferent ways can you put them together? Does the number 8 
followed by 67 zeros surprise you? This is what it looks like: 

80.DOO.OOO.OOO.OQO.OOO.OOO.OOO. 000.000.000. 000.000. 000.000.000.000.000.000.000.000.000,000. 

What if you combined the chemical elements? There are 
only 109 elements, but we know that there are more than 109 
substances. In fact, there are millions and millions of sub- 
stances. 

Most of the substances we know are made up of two or 
more elements: water, salt, carbon dioxide, baking soda. These 
substances are possible because atoms of different elements 
can link up. 

A compound is a substance made of linked-up atoms. 
The elements in the compound lose their own properties. The 
compound takes on new properties. Compounds do not even 
have to be in the same state as the elements of which they are 
made. For example, hydrogen and oxygen are both gases. They 
can link up to make water — a liquid. A compound must have 
at least one metal element and one nonmetal. 

A molecule [MOL uh kyool] is the smallest part of a 
compound that still has the properties of that compound. A 
molecule must have at least two atoms. Some molecules have 
thousands of atoms. 

Most compounds are found in nature. Some com- 
pounds are made by scientists. 


ABOUT MOLECULES 


In the picture to the right, each of the 

groups labeled / \ stands for one 

H H 

molecule of water. 

Each molecule is the same. Each molecule 
has ail the properties of water. 

The smallest part of a compound is just 
one molecule of that compound. 

The molecules of any one compound are 
exactly alike. 



Three Different Molecules: Water, Salt, and 



Carbon Dioxide 
1. Water 

Water is a liquid compound. It is made 
of the elements hydrogen and oxygen. 

Hydrogen and oxygen are invisible gases. 
They can link up to make water. 



invisible gas invisible gas liquid 

hydrogen + oxygen * water 

element element compound 


A. one molecule of water 
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2. Salt 





Table salt is a compound. It is made up 
of the elements sodium and chlorine. 

Sodium is a dangerous metal. Chlorine 
is a poisonous gas. 

They can link up to form a compound 
that our bodies need. 

The compound is sodium chloride. We 
call it salt. 



dangerous solid deadly gas ^ d jK dB<1 

sodium + chlorine * sodium chloride 

element element compound 


3. Carbon Dioxide 

Carbon dioxide is a gas compound. It is made of the elements carbon and oxygen. 



dark solid invisible gas 
carbon 4- oxygen 

element element 
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invisible gas 
carbon dioxide 
compound 


COMPLETING Complete the sentences with the choices below. 

SENTENCES 


one million 
compounds 
nonmetal 

1. There are 


millions 

109 

lose 


metal 

elements 

two 


1 . There are known elements. 

2. The number of different known substances is more than 

3. Elements combine to form 

4. Elements of a compound — their properties. 

5 . A compound has at least _____ — — elements. 

6. A compound must have at least one — — 

atom. 

7. The smallest part of a compound is called a __ 

8. In a small amount of a compound there may be 

9. A compound is made of — — atoms. 

10. Ail matter is made up of — or 


molecule 

linked-up 

molecules 


atom and one 


. of molecules. 


MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1 . 

atom 

a) 

has one kind of atom 

2. 

molecule 

b) 

short way of writing an element 

3. 

symbol 

c) 

smallest part of an element 

4. 

element 

d) 

two or more elements linked together 

5. 

_ compound 

e) 

smallest part of a compound 


105 


V- 



THROW In each of the following sets of terms, one of the terms does not 
ClNE OUT belong. Circle that term. 

1. oxygen carbon element compound 

2. carbon dioxide water element compound 

3 . chlorine sodium compound element 

4. Na Hg compound symbol 

5. symbol rust compound Epsom salts 

TRUE OR Writs T on the line next to the number if the sentence is true. 
FT LSF Write F if the sentence is false. 



1. All matter is made of atoms. 

2. An element is matter. 

3. j A compound is matter. 

4. ______ All matter is made of elements or compounds. 

5. Elements and compounds are made of atoms. 

6. __j Compounds link up to make elements. 

7. _j A compound can have one element. 

8. _! The smallest part of a compound is one atom of that compound. 

9. _j A compound must have at least one metal atom and one nonmetal 

atom. 

10 . There are more elements than compounds. 

REACHING Why should you always follow instructions carefully when 
OUT rabdng chemicals? 
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formula: the short way of writing 
a compound 





at is a formula? 


Each element has its own chemical symbol. Each com- 
pound has its own chemical formula. A formula tells us two 
important things about a compound. It tells us what elements 
the compound is made of. And it tells us how many atoms of 
each element are in a molecule of the compound. 


The formula for table salt is NaCl. 

Na is the symbol for sodium. 

Cl is the symbol for chlorine. 

One molecule of NaCl has a total of two atoms. One of 
the atoms is sodium (Na). The other atom is chlorine (Cl). 

Chart I on page 109 has more examples. 

Sometimes a symbol has a small number written next to 
It. This number tells us the number of atoms there are of that 
element. 

The formula for water is HUO. 

H is the symbol for hydrogen. 

O is the symbol for oxygen. 

EL means two atoms of hydrogen. 

O means one atom of oxygen. 

One molecule of HoO, then, has a total of three atoms. 
Two of the atoms are hydrogen. One atom is oxygen. 

Chart II on page 110 has more examples. 

The formula for a compound is always the same. A 
I change in the formula means that a new substance was formed. 

It is helpful to learn to recognize some chemical sym- 
: bols. But if you see one you don't know, you can always look 
it up in a dictionary, an encyclopedia, or a chemistry book. 




L SOME COMMON MOLECULES 


Formula 


Elements 


Number of 
Atoms of 
Each Element 


Total Number of 
Atoms in 
One Molecule 


HgO , mercuric oxide , mercury (Hg) | 1 

oxygen (O) ' 1 



KC1 potassium potassium (K) : 1 1 

chloride chlorine (Cl) t j 


NaOH sodium sodium (Na) ll 

: hydroxide oxygen (O) ' 1 j 3 

(lye) hydrogen (H) j 1 j 
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Formula 


i Number of I Total Number of 
Moms of 1 Atoms in 
Elements i Each Element ' One Molecule 


Fe.,0^ ! iron oxide 

j (rust) 


1 iron (Fe) 
j oxygen (O) 



sulfuric acid } hydrogen (HI 
i sulfur (S) 
j oxygen (0) 



NaHC0 3 ' sodium i sodium (Na) 

I hydrogen | hydrogen (H) 

: carbonate . carbon (C) 

[baking soda] ; oxygen [O] 



CHOOSE Choose the word that completes each sentence best. 
ONE 


1. A molecule is made up of. 


atoms, oxygen 


2. A single molecule has at least atoms. 

one, two 


3. The atoms of a molecule come from two or more 


elements, compounds 


4. There are elements than compounds. 

more, fewer 


5. Molecules are than atoms. 

Larger, smaller 


The formula for starch is C 6 H i0 O 5 . 

This stands for one molecule of starch. 

Answer these questions about the starch molecule. 


6. Starch is made up of elements. 

one, two. three 


7. The number of different kinds of atoms in starch is . 


three, billions 


8. One molecule of starch has atoms of hydrogen. 

two, six. ten 


9. The total number of atoms in one molecule of starch is . 


10. The number of molecules in a teaspoon of starch is , 


twenty- one, billions 
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r^MPLFTE The chart below asks for some information about certain m le 
CGMPi-E i molecule, magnesium oxide, is done as an 

THE CHART . Try t0 complete the chart by filling in the missing 

information You may use the list of elements and their symbols. 




1 

; s 

j i 

Fornaula ' 

1 1 

1 Number; 

1 ot ! 

Name j Elements! 

i 1 

_____ — — - p 

Names 
of the 

Elements £ 

I 

Number of [Total Number 
Atoms of j of Atoms In 
^ach Element jOne Molecule j 
— i — - i 

1. V 

(go | 

magnesium oxide j 

I 

2 

1 . J 

•nagnesiumj magnesium 1 

axygen j oxygen 1 

1 

2 

2. S 

\ 

0 2 I 

sulfur dioxide 


f 



— 

3. 1 

IH 3 1 

ammonia j 

1 

! 

j 

1 . 

i 

’i 

i 

! 4. 1 

1 

' ! | 
d 2 C0 3 ! carbonic acid 

j (soda water) j 


i 

1 i 

I 1 

\ 1 

i 

i 

; 5 . 

1 

— 

HiaH^sOu 

table sugar 


! - 

J 1 1 

j 

i 

; 6. 

i 

- 

MgSOj 

Epsom salts 


1 

i 


f 

I 

i 7 . 

1 f 

NaOH 

! 

1 

| sodium hydroxide 

i(iye) 

r 

1 

! 

j 

1 

1 

i 

: 


i 1 

i 8 . 

H 3 0 2 

1 

1 

| hydrogen 
j peroxide 

t 

1 

i 

1 

! 

■ 

.... 

! 9 . 

j i 

Fe,0 3 

! 

1 iron oxide 
| (rust) 





i j 

i 10 . 

I f 

NaHC0 3 

1 sodium bicarbonat 
(baking soda) 

e 
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MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1 . 

CaF, 

2 . 

HF 

3 . 

h 3 po 3 

4 . 

formula 

5 . 

compound 

6. 

element 

7. 

symbol 


a) two or more different kinds of atoms 
linked together 

b) 7 atoms in each molecule 

c) contains one kind of atom 
d} 3 atoms in each molecule 

e) 2 atoms in each molecule 

f) short way of writing an element 

g) short way of writing a compound 


A VERY SPECIAL MOLECULE 


Some molecules have thousands of atoms. 
For example, the formula for one of the 
substances in blood is 

C3Q32 H48I6 O&72 N 7 ho Sa Fe_j 

Try to answer these questions about this 
large molecule. 



1. How many atoms are there in just one molecule of this substance? 


2. How many atoms of each of the following elements are in one molecule? 

carbon _ nitrogen 

hydrogen sulfur _____ — _ — — 


oxygen 


iron 
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sulfa drugs, for example, was formulated 
in the chemistry lab. Sulfa drugs help 
fight infection. 

The most-used medication was also 
developed by chemists. It is found in just 
about every medicine cabinet. Its chemical 
name is a cetylsalicylic. acid (CgHaO^). You 
know it as aspirin — just plain aspirin. Aspi- 
rin relieves minor pain. It also reduces in- 
flammation and fever. Aspirin further acts 
as a mild sedative (calming agent) to some 
people. 

People consume an enormous quan- 
tity of aspirin. In the United States alone, 
about 19 billion aspirin lablets are swal- 
lowed each year. If laid end to end, that 
many lablets would circle the earth nearly 
5 times — or cross the United States more 
than 41 times — ot reach more than half way 
to the moon. 

Until recently no one had any idea 
how aspirin works. Now, scientists have a 
reasonable theory: 

The body makes substances called 


f A O 0 1 D i t\ | i\ I ( i K ' prostaglandins. They are produced when the 

ii X J i 'I f V ' 1 \I NV body is injured or under stress. In a way, 

prostaglandins are opposites of aspirin. 

Many products we use are made from They mcn.’itse pain, fever, and inflamma- 

natural substances. Take cotton and wool tion. These responses protect the body, 

for example. Cotton comes from a plant. p a in a l er t s us to body problems. An in- 
Wooi grows on sheep. Many products crease in body temperature helps fight in- 
however, are not made from natural sub- fection. Inflammmation results from blood 
stances. They are synthetic (artificial]. vessels becoming wider in an infected 
"They were developed by chemists in the area. More blood comes to the area to aid 


laboratory. 

You have heard of polyester. Polyester 
is a popular synthetic fiber Other common 
laboratory-made products are latex 
^synthetic rubber), vinyl plastics and 
plexiglass. The list can go on and on. 

Modern chemistry has also developed 
synthetic medicines. The "recipe” for 


healing. 

According to scientists, aspirin helps 
block production of prostaglandins. With 
reduced prostaglandins, pain, fever, and 
inflammation are reduced. 

Aspirin can be very helpful. But it can 
also be harmful It can hide symptoms of 
serious illness. 




%;%■ 
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jjyj How do scientists know wl 
"IIQ elements make up a compoi 


How do we know what parts make up a machine^ 
One way to find out is to take the machine apart. Then 
: each piece can be identified. 

To find out what elements make up a compoun , 

identified. 

We know that water is a compound. How Hv C ^ 0 «n 

, that the compound water is made up of hy g 
show that tne compomm hydrogen and 

and oxygen? We can change water bacK to ny b 

° XyS Tn “take apart” the water, we send an electric current 
through it. The current breaks up the water. Bubb es o y r 
een and oxygen gases are given ott. 

The process of breaking up a conipoundby using an 
, { = current is called electrolysis [ih leek TRAH luh sis], 

impounds can be aepara.ed b, .I***™- 


THE ELECTROLYSIS OF WATER 


The picture shows water being separated into hydrogen and oxygen gases. Look closely 
at the picture. Then try to answer the questions under the picture. 



What kind of energy does electrolysis 
use? 


The water is this 

taking in. giving off 

energy. 

a) The formula for water is . 

ho,.h,o 

b) This formula tells us that a water 

molecule has more . 

oxygen, hydrogen 

atoms than - atoms. 

oxygen, hydrogen 


c) A water molecule has 

half, twice 

as many hydrogen atoms as oxygen 
atoms. 

d) A water molecule has 

half, twice 

as many oxygen atoms as hydrogen 
atoms. 


4. Oxygen is collecting on the _____ — side. Write oxygen on the correct 

right, left 

line in the picture. 


Hydrogen is collecting on the 


side. Write hydrogen on the 


other line in the picture. 
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HOW MANY PARTS? 

Line a i„ the oSMoTyol cSX ^'X'SS.’JSSLr 

SnST^ll iS give off twice . much hytog.e « “«»• 


Hydrogen 
10 parts 


Oxygen^ 
5 parts 


40 parts 
200 parts 


50 parts 


TRUE OR Write T on the Unenext to the number if the sentence is true. 


FALSE 


Write F if the sentence is false. 


Electrolysis uses heat energy. 

In the electrolysis of water, energy is given off by the water. 

A compound always has the same formula. 

Electrolysis links up elements. 

Only water can be separated by electrolysis. 

When water breaks up, more atoms of oxygen than hydrogen are given 
off. 


Water is a form of energy. 
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TESTING FOR HYDROGEN AND OXYGEN 

How To Do The Oxygen Test 

1. Place a glowing wood splint in the test tube. 

2. If the gas in the test tube is oxygen, the splint will burst into flame. 



glowing splint 




splint bursts 
into flame 






Answer thejse questions, 

1 . Was there an explosion? _ 

2. The explosion shows that . 


oxygen, hydrogen 


. was in the test tube. 


3. a) After the explosion, what did you see inside the test tube? . 

b) Write the formula for this substance - 

4. We know that it was hydrogen that exploded. 

a) What linked up with the hydrogen to make the water? — 

b) Where did it come from? — — 

5. Electrolysis of water and making water are 


CGIVPLSTING Complete the sentences with the choices below. Two of these 

SENTEN CES words may used twlce< 


! explodes 
; hydrogen 
taken in 
H-O 


electrolysis 

elements 

oxygen 


1 . Ai compound is made up of two or more 

2. Tke common name of one common compound is . 

3 . Water is made from the elements — — - 

4. Water is broken up by a method called ~ 


5. Electrolysis uses . 


. energy. 


water 

electric 

allows burning 


6. During the electrolysis of water, electric energy is — 

7. The electrolysis of water frees twice as many atoms of . 

atoms of — 8 as - 

8. The formula for water is — 

9. One property of oxygen is that it — " 

10. One property of hydrogen is that it — ' 


. by the water. 







[M Why do certain elements 
20 link up to form compounds? 


Now that you know about electron shells, you can 
understand more about why atoms link up. 

Atoms that link up have outer shells that are not full. 
The atoms link up by gaining or losing the outer-ring elec- 
trons. A total of 8 outer-ring electrons is needed. 

For example, an atom with 7 outer-ring electrons 
will form a compound with an atom with 1 outer- 
ring electron [7 + 1 = 8]. [See Figure A, page 123.] 

An atom with 6 outer-ring electrons will link 
up with an atom with 2 outer-ring electrons. 

[6 + 2 = 8], [See Figure B, page 124.] 

The number of outer-ring electrons tells us if an atom 
is a metal or nonmetal. Atoms of metals have fewer than 4 
electrons in the outer ring. Atoms of nonmetals have more 
than 4 electrons in the outer ring. 

When forming compounds, metals “lend” electrons. 
Nonmetals “borrow” electrons. A compound has at least one 
metal and one nonmetal. 



Some atoms do not link up with any other elements. 
And not every atom that can combine with another kind of 
atom will combine with the other atom. 
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DRAWING A Information about two compounds is given below. Study the 
COMPOUND information and then look at the drawing of each compound. 
Try to answer the questions about each compound. 


Sodium (Na) and chlorine [Cl] link up to form the compound sodium chloride 
[NaCl]. This is table salt. 


SODIUM (Na) 


CHLORINE (Cl) 


Atomic number = 11 
Atomic weight ='23 
Protons = 11 
Neutrons =12 

Electrons = 11 K=2e~ 

L =8e- 
M = le _ 


Atomic number = 17 
Atomic weight = 35 
Protons = 17 
Neutrons = 18 

Electrons = 17 K = 2e “ 

L = 8e " 
M = 7e " 



1. a) How many outer-ring elections does sodium have? ______ — 

b) Is the outer shell full? 

c) Is sodium a metal or a nonmetal? 

2. a) How many outer-ring electrons does chlorine have? 

b) Is this a full outer shell? — 

c) Is chlorine a metal or a nonmetal? 

3. a) Altogether, how many outer-ring electrons do sodium and chlorine have? 

(Count them.) 

b) Together, do they make a full shell? 
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3. The outer-ring electrons of a compound come from 

different atoms 


4 . The outer ring of a metal has 

5 . Metals 


fewer, more 
electrons. 


lend, borrow 

8. The outer ring of a nonmetal has 


. than four electrons. 


. than four electrons. 


7. Nonmetals . 


fewer, more 

electrons. 


lend, borrow 

8. Most elements are 


metals, nonmetals 


rjiMTSi FUNG In each oi 1118 charts below, fill in the missing information. 

Use the Periodic Table to help. The first element, calcium, has 
Iliiti Url.'ii'-i ~ already been done for you in chart I. 


*) 


i 

1 

Element 

Number of 
Electrons 
in Outer 
Ring 

Metal or 
Nonmetal? 

Electron 
Lender or 
Borrower? [ 

Lends or 
Borrows 

How Many 
Electrons? 

1. calcium 

2 

metal 

lender 

2 

2. 1 copper 





3. 1 phosphorus 





4. potassium 



j 

i - 

| 

5 . 1 oxygen 





6. . iodine 





7 . gold 





8. bromine 





9. sulfur 





10. cobalt 







m 
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II. 


Elements of 
Group 

Lend Borrow 

Electrons Electrons 

(Choose Either) 

Metal or 
Nonmetal 

IA 

J 


metal 

IIA 




1IIB 




IVB 




VB 




V1B 




VIIB 




VTI1 




IB 




IIB 




VilA 



1 

j 


Notice that some of the groups are missing from this chart. This is because some of the groups 
contain both metals and nonmetals. 

The step-like black line on the Periodic Table separates the metals from the nonmetals. The 
elements to the left of She line are metals. The elements to the right are nonmetals. 

The elements in Group 0 do not lend nor borrow electrons. Because they do not combine with 
other elements they are often called the noble gases. 


PAIRING Use the Periodic Table to answer these questions: 

GROUPS Remember a total of 8 outer electrons are needed to make a 
compound. 


1. Elements of Group IA link up with the elements of Group 

2. Elements of Group IIA form compounds with the elements of Group 

3. Atoms of Group IB combine with the atoms of Group — 

4. The elements that do not combine with other elements are those of Group- 
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COMPLETE THE DIAGRAMS 


a) Fill in the missing parts or information on each diagram below. 

b) Then show how the atoms link up. 


Magnesium and Oxygen 

A. 

1. Which atom is a] the lender? 

b) the borrower? 

c) the metal? 

d) the nonmetal? 

2. The formula for this compound is MgO. In a compound, the first element is a 

metal, nonmetal 


Beryllium and Sulfur 


3. Which atom is 

a) the lender? 

b) the borrower? 

c) the metal? 

d) the nonmetal? 

4. What is the formula for this compound? 
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Calcium aid chlorine link up to form calcium chloride. Look at the diagrams of these 
atoms. Fill in the missing parts on each diagram. Then answer the questions. 



1. How many outer-ring electrons does a calcium atom have? — 

2. How many outer-ring electrons does a chlorine atom have? _____ 

3. Which atom lends electrons? 

4 . How many electrons does one atom of this element lend? _____ — 

5. Which atom borrows electrons? _____ 

6. How many electrons does one atom of this element borrow? — — — 

7 . How many chlorine atoms are needed to link up with one calcium atom? Explain. 


8. What is the formula for calcium chloride? 
130 : 
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There are different ways you can change things. For 
example, you can tear up a piece of paper into small pieces. 
What remains is still paper. You have changed the way the 
paper looks. But you have not made any new substance. You 
have made a physical change. 

If, instead, you burned the paper, what would be left? 

: What is left is no longer paper. In this case the substance has 
i been changed. This is a chemical change. 

j Physical Change 

A physical change does not change the way the atoms 
j are linked up. The substance may look different. But no new 
substance has been formed. The chemical properties are not 
| changed. 

In a physical change, no energy is taken in or given off 
i unless there is a change of state. 

Chemical Change 

In a chemical change, the atoms change the way they 
link up. New substances are formed. The new substances have 
different chemical properties from the old substance. When 
atoms change the way they link up, we say a chemical reaction 
has taken place. 

Energy is always part of a chemical reaction. In a chemi- 
cal reaction, energy is either taken in or given off. 






8. What kind of energy was used? . 


9. The energy was . 


taken in, given off 


10. Electrolysis causes a . 


physical change, chemical change 


II. THfe BURNING OF MAGNESIUM 

This equation tells how magnesium joins with oxygen. Study it and then answer 
the questions below. 


1 Element 
magnesium 

2HT, 

Sol id 


Element 

oxygen 

t)7~ 

gas 


Compound 

magnesium oxide 
lMgO~ 

solid in powder form 



1 . Name the elements we started with. . 

2. Name the elements we ended with. _ 

3. Did the elements stay separate? 

4. Was a new product formed? 

5. Did the properties change? 

I 

6. Were any new elements added? 

7. Were any elements lost? 


8. a) In this reaction, energy was . 
b) Name the kinds of energy. _ 


token in. given off 


9. The burning of magnesium causes a . 


physics! change, chemical change 
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EXAMPLES OF PHYSICAL CHANGE 


In a physical change, the atoms do not change the way they are linked up. No new 
products are formed. 

Look closely at each of the following examples of physical change. Then answer 
the questions about each change, 

5 - TEARING PAPER 



1. The tearing of paper is an example of a physical change. Does the paper look dif- 
ferent after being tom? 

2. Is the paper still paper? 

3. Are the atoms taking in energy? 

4. Are the atoms giving off energy? 

5. In a physical change, the atoms change the way they Link up. 

do, do not 

8, The chemical properties of the paper changed. 

are, are not 

7. A chemical equation be written to show a physical change. 

can, cannot 

8. A chemical equation shows only a change. 

chemical, physical 
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II. MELTING ICE 



1. Does the ice look different after it is melted?. 


2, The formula for water is H,0. 

The formula for ice is also HLO. 

a) when ice changes to water, the link-up of the atoms change. 

does, does not 


bj ; When water changes to ice, the link-up of the atoms . 


. change. 


3. A {chemical equation . 
of 


4. The melting of ice is an example of a 

physical, chemical 

5. Think carefully about this one before answering. 

When ice changes to a liquid, the ice . 


does, does not 

. be written to tell the story of the melting 
. change. 


does, does not 


take in energy. 


6. Usually, energy _____ part of a physical change. 

] is. is not 


7. Energy is part of a physical change only when there is 
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electrolysis, a change of state 


III. CHOPPING WOOD 



1. Does the wood look different after being chopped? __ 

2. Is the wood still wood? 

3. Are the atoms changing the way they are linked up?. 

4- Are any elements being added? __ 

5. Are any elements being lost? 

6. Are any new products being formed? 

7. Is the wood taking in energy? 

8. Is the wood giving off energy? 

9. The chopping of wood is an example of a change. 

physical, chemical 

10. A chemical equation __ be written to show how wood changes 

when it is chopped, can< carmot 

MAT CHIN G Match the two lists. Write the correct tetter on the line next to 
each number. 


1. 

2. 

chemical change 

equation 

a) 

may be taken in or given off during 
a chemical reaction 

3. 

„ ' properties 

b) 

new products always formed 

4. 

physical change 

c) 

always change in a chemical reaction 

5. 

energy 

d) 

tells the story of a chemical change 

no new products formed 



eJ 


137 




TRUE OR Write T on the line next to the number if the sentence is true. Write 


FALSE 


F if the sentence is false. 


A chemical reaction causes a chemical change. 

A chemical change makes new products. 

Elements can be lost or gained in a chemical reaction. 

Energy can only be taken in during a chemical reaction. 

The substances that take part in a chemical reaction keep their 
properties. 

The new substances made in a chemical reaction have new properties. 
A physical change makes new products. 

The boiling of water is an example of a chemical change. 

An equation tells the story of a physical change. 

An American scientist cannot understand an equation written by a Chi- 
nese scientist. 


PHYSICAL CHANGE OR CHEMICAL CHANGE? 

Tell (whether each of the following is a chemical change or a physical change. 

1. r mixing salt and pepper 

2. : evaporation of water 

3. ! electrolysis of water — 

4. ! cutting a marshmallow 

5. j toasting a marshmallow 

6. ( burning magnesium — — — 

7. adding chocolate syrup to milk _____ 

8. the rusting of iron — 

9. melting of sugar 

10. 1 making iron into a magnet — — - — 
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Sometimes two or more substances are mixed together. 

They do not combine chemically. They do not make a com- ! 

pound. They make a mixture. The substances are physically 
: combined. None of the substances in the mixture have been j 

j changed chemically. No chemical reaction has taken place. No 
| new substances have been formed. j 

Vegetable soup is an example of a mixture. So is salt and 
: sand mixed together. You can still tell one part from another. 

How can we tell the difference between a compound and 
j a mixture? Here are some clues: \ 


MIXTURE 

COMPOUND I 

The parts of a mixture do 
not change their properties. 

The elements that make up a 

compound lose their 

properties. The new 

compound has its own r 

properties. 5 

A mixture may have any 
amount of each of its parts. 

A compound must always 

have a particular amount i 

of one element for a given 

amount of other elements. f 

Energy is not taken in or 
given off when a mixture is 
made or separated. 

Energy is always taken in or 1 

given off when a compound 
is broken up or put together. j 

A mixture can be separated 
by physical means. For 
example, a strainer can 
separate some mixtures. 

A compound can only be 
separated with a chemical 
reaction. For example, 1 

electricity can cause some 
chemical reactions. j 


>1 
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ABOUT MIXTURES 

A mixture can have many kinds of matter. 
It can have 


elements only or 


compounds only 


or elements and 

compounds 




D. An example of a mixture is salt with pepper. 


The salt and pepper are just dose 
together. They do not react together. Prop- 
erties do not change. The salt is still salt. 
The pepper is still pepper. No new prod- 
ucts are formed. 

It makes no difference how much 
pepper or salt there is. No exact amounts 


are needed. Energy is not taken in or given 
off fay the molecules of the salt or the 
pepper. 

Salt is a compound. Pepper is a 
compound. Sait with pepper is a mixture 
made up of two compounds. 
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1 ______ A fixture has exact amounts. 

2 _____ __ A compound has exact amounts. 

3. ^ The parts of a mixture keep their properties. 

4. _____ __ The elements of a compound keep their properties. 

5. ______ We need energy to make or break up a compound. 

6. — Hydrogen is a compound. 

7 . . Water is a compound. 

8 vVe need a chemical reaction to separate a compound. 

9. j Electricity can separate some compounds. 


10. > Heat can change water to oxygen and hydrogen. 



MAKING A MIXTURE AND A COMPOUND 


iron filings 

powdered yellow sulfur 
test tube and holder 
Bunsen burner 
magnet 
piece jof paper 
teaspoon 


A. 


B. 


How To Do The Experiment, Part 1 

A. 1. Place a teaspoon of the sulfur on a piece of paper. 

2. Add about % teaspoon of iron filings. 

3. Mix them together. 

B. 1. Hold the magnet in the mixture. Move it around. 

2. Lift the magnet. 

What You Learned 

1. Could you tell the sulfur from the iron before using the magnet? — — 

2. The magnet lifted the — : 

sulfur, iron 

3. The magnet did not lift the ' 

4. Have you separated the iron from the sulfur? — 

5. Did the properties of the iron change? 

6. Did the properties of the sulfur change? — — 

7. Was a new product formed? _ — — — 

8. Did a chemical reaction take place? — 

9. Iron filings and sulfur together make a - eoropoua d." SwSr~' 

be written to show what happens when 


10. A chemical equation _ 
iron mixes with sulfur. 


can, cannot 
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l. [ 1. Remove the iron filings from the 
magnet. Mix them in with the 
sulfur. 

2. Pour the mixture into the test 
tube. 

; 3. Heat the test tube over the Bun- 
sen burner until the sulfur melts. 

4. Remove the test tube from the 
flame. 

5. Let the tube cool. Cover the tube 
with a cloth. Then break it by 
carefully tapping the bottom of 
the test tube with a hammer. 

j 6. Remove the cloth. Examine the 
substance that was in the test 
tube. 


B. 1. Put the magnet on the substance. 
2. Lift the magnet. 



What You Learned 


1. Could you tell the sulfur from the iron after they were heated together? 

2. Did the magnet lift the iron filings? 

3. Did the properties of the iron change? 

4. Did the properties of the sulfur change? 

5. Was a new product formed? 

6. Did a chemical reaction take place? 

7. Sulfur and iron filings heated together make a 

mixture, compound 

8. The equation below shows what happens when iron and sulfur are heated together. 


Take a guess — the compound made from iron and sulfur is called a) iron oxide, 
b) iron sulfide, c) sulfur dioxide. [Underline the correct answer.} 



MIX 1 UKJE OS The chart below lists some terms and phrases that describe tnix- 
COMPOUND t ures and compounds. Which ones describe mixtures? Which 
describe compounds? Put a check [„'] in the space to show your 
choice. 






Mixture 

Compound 


j 1 . properties change 


2. properties do not change 


3. exact amounts 


4. no exact amounts 


| 

5. energy always taken in 
or eiven off 



6. energy not taken in or 
given off 


• 

7. separated by chemical 
means 


; 

8. separated by physical 
means 


i 

I 

9, what you have in your 
pocket or baa 

1 

1 
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THROW M ,.ch of U» followins -» of *». - «f <"» « 

ONI OUT beloag. Circle that term. 


1. mixture compound water salt 

2. mixture compound salt with pepper sand with water 

3. exact amounts no exact amounts compound water 

4. exact amounts no exact amounts mixture salt with pepper 
3. properties change properties do not change chemical change 

hydrogen explodes 



dissolve: to make solid matter dis- 
appear in a liquid 






I 


When you separate a mixture, you just separate the parts. 
You do not separate the linked-up atoms. Mixtures are separated 
Without any chemical reaction. 

There are many different kinds of mixtures. Different 
mixtures are separated in different ways. There are four mam 
ways to separate a mixture: by straining, by using a magnet, by 
evaporation, and by dissolving. 

STRAINING: Straining separates matter by size. A strainer has 
holes. Any matter that is smaller than the holes passes throug 
Sthe holes. Anything larger than the holes stays in the strainer. 
Strainers come in different sizes— some have large holes, some 
have small holes. 

Filter paper is a kind of strainer. Filter paper has very tiny 
'holes. It separates tiny pieces of solids from the liquids they 
[are mixed with. 

t MAGNET: A magnet separates iron parts from a mixture. 

| EVAPORATION: In some mixtures, a solid is dissolved in a 
i liquid. Think of sugar and water. In water, sugar seems to is- 
: appear. The sugar dissolves. Not all solids dissolve in liquid. 
Think of sand in water. Does sand dissolve in water. 

If the liquid evaporates, the solid will appear. The solid 
j will not evaporate. The liquid will evaporate faster with heat. 

DISSOLVING: Some mixtures must be dissolved before they 
can be separated. Water or another liquid is added. 


WHAT DO THE PICTURES SHOW? 


Five of the pictures below show a mixture being separated. The other picture shows a 
step needed before separation can be done. 

Look at each picture. Then answer the questions on the next page. Write the letter of the 
right picture for each question. 













1. a) Which pictures show straining? . 


b) Which picture shows filter paper being used? 

2. a) j Which picture shows pieces of iron being separated? . 

b) What is being used to separate the iron? 

3. Which picture shows dissolving? 

4. Which picture shows evaporation? 


COMPLETING Complete the sentences with the choices below. 

SENTENCES 


dissolving 
evaporating 
f heat 


straining 

size 

dissolve 
filter paper 


1. Four ways to separate mixtures are: 


2. Straining separates matter according to . 


using a magnet 

strainer 

holes 


3. A separates matter by size. 

4. A strainer has many 

5. We can separate a mixture of very tiny solid pieces and water by using 


6. We use a magnet to separate . 


. from a mixture. 


7. When water evaporates, the vapor escapes into the 

8. A solid that seems to disappear in a liquid is said to 

9. The liquid that dissolves more solids than any other liquid is . 

40. A liquid will evaporate faster with 



MATCHING PIECES AND S TRAINEES 

Each of these glasses holds water and solid pieces. 



Each of these is a screen strainer. 





~n~TTTMT~i 1 

i I 1 1 Mi ! 

rniTl m ! 

riTiirm ; 

nxmzrq » 

NTinTi . 
~TT~rn~TTT~j 1 
~n I 1 i i ? ! ; 


How To Do This 

1. Use your metric ruler to measure one of the solid pieces in each of the glasses. 

2. Measure the width of one of the openings in each screen strainer. 

3. Choosing from the list below, write on the provided lines the measurements of each 
solid piece and screen opening. 


3.5 mm 
4 mm 


The solid pieces in glass A measure . 
The solid pieces in glass B measure . 
The solid pieces in glass C measure _ 

The openings in screen 1 measure 

The openings in screen 2 measure 

The openings in screen 3 measure 


4.5 mm 
5 mm 


The openings in screen 4 measure . 
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Now, use these measurements to answer the following questions. Choose the number 
of the right strainer for questions 1-4. 

1 . wiich strainer will separate all the shown solids from the water? — 

2. Which strainer will separate none of the shown solids from the water? — - 

3 . Which is the largest strainer that can separate the solids in glass B? — — — 

4. which is the largest strainer that can separate the solids in glass A? — 

5 . Can any of these strainers separate salt from salt water? 


TRUE OR Write T on the line next to the number if the sentence is hue. 
FALSE Write F if the sentence is false. 


Straining causes a chemical change. 

Evaporation causes a chemical change. 

A magnet causes a physical change. 

Dissolving causes a physical change. 

Filter paper has large holes. 

Only scientists use strainers. 

When a liquid evaporates, it goes into the air. 

When sugar dissolves it goes out of the water. 

A magnet can separate a mixture of paper dips and rubber bands. 


Hot water evaporates faster than cold water. 



HOW WOULD YOU SEPARATE THESE MIXTURES? 

Five kinds of mixtures are listed below. 


Mixture 1 
Mixture 2 
Mixture 3 
Mixture 4 
Mixture 5 


salt and iron filings 
salty water 

salt, iron filings, and water 
gravel, sand, and sugar 
gravel, sand, sugar, and iron 
filings 


Can you decide how to separate these mixtures? Before making up your mind, study 
the diagrams. Each diagram shows a different step used in separating mixtures. 



A magnet is used to separate iron. 


Diagram B 



Water is used to dissolve a solid. 


Diagram C 



A strainer is used to separate large solids. 
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Evaporation is used to separate already Filtration is used to separate very small 
dissolved solids. sohds - 

Now dedide which step or steps are needed to 

spaces below, write the diagram letters (A. B. C. D. or E) of the steps 5 ou 

Mixture 1. salt and iron filings (only one step is needed] 

Mixture! 2. salty water (only one step is needed) — 

Mixture 3. salt, iron filings, and water (two steps are needed) — — 


Mixture 


4. gravel, sand, and sugar (four steps are needed) . 


Mixture 5. 


gravel, sand, sugar, and iron filings (five steps are needed) 
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Carbon dioxide [CO,] is an invisible gas. It has no odor 
or taste. It is heavier than air. One property of carbon dioxide 
is that it can put out fire. 

Carbon dioxide can be made in class. To do this, we add 
dilute hydrochloric [HIDE roe KLOR ick] acid [HC1] to marble 
chips [CaC0 3 ]. 


What You Need 

marble chips 
dilute hydrochloric acid 
generating bottle 
2-hole rubber stopper 
delivery tube 

How to Do The Experiment 


basin with water 
funnel 

collecting bottles (2) 
cover glasses (2) 


1 . Set up the materials as shown in Figure A on the next page. 

2. Add hydrochloric acid to the funnel. Pour the acid very 
slowly and carefully. Stop when it covers the lower end of 
the funnel. 

The bubbling shows that a chemical reaction is taking 
place. (Touch the bottom of the generating bottle. What do 
you feel?) 

Carbon dioxide is being given off. It passes through the 
delivery tube and then into the collecting bottle. The 
carbon dioxide fills the bottle by pushing out the water. 

3. When the collecting bottle is filled with carbon dioxide, 
place a cover glass over the mouth. Then place the bottle 
on the table with the covered open end up. 



What Y ou Learned 

Answer the following questions. 

1. a) What kind of energy did you feel when you touched the generating bottle? 

bj This energy was being 

taken in. given off 

2. Carbon dioxide was given off because of a 

physical, chemical 

3. A chemical reaction take place. 

did. did not 

These are the symbols for the elements in this reaction. 

C — carbon Cl — chlorine 

Ca — calcium O — oxygen 

The chemical equation for this reaction is: CaC0 3 + 2HC1 — 

4. Name the elements that we started with. 

5. Name the elements that we ended with. 


_ change. 

H — hydrogen 
- CaCh +H-0+ CO„ 


6. Were any new elements added? . 

7. Were any elements lost? 

8. Carbon dioxide is a . 


mixture, compound 
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WHAT jDO THE PICTURES SHOW? 

Each picture below shows one or more properties of carbon dioxide. 

Look at edch picture. Then name the property or properties shown by each picture. Copy 
your answers word for word from the list of properties below. Write your answers in the 
space below each picture. 

Choose from these properties: Carbon dioxide turns limewater milky. 

Carbon dioxide is heavier than air. 

Carbon dioxide is colorless. 

Carbon dioxide is a gas. 

Carbon dioxide is tasteless. 

Carbon dioxide is odorless. 

Carbon dioxide puts out fires. 




TESTING FOE CARBON DIOXIDE 

Limewater is a clear, colorless liquid. If carbon dioxide gas is mixed with limewater, the 
limewater turns milky white. 

Use a straw to blow into dear limewater. Do not inhale. Notice what happens to the 
water. Now do the following exercise. 



2. The limewater turned 

clear, milky white 


3. The name of the gas that changed the limewater is 

oxygen, carbon dioxide 


4. The gas that changed the limewater came from 

the body, the air 


5. The color of fresh limewater is 

clear, milky white 


6. Limewater turns cloudy when it is mixed with 

oxygen, carbon dioxide 


7. Limewater be used to test for carbon dioxide. 


can. cannot 


CHOOSE Choose the correct word or term for each statement. Write your 
ONE choice in the space. 


1. At room temperature, carbon dioxide is a 

solid, gas, iiquid 

2. Carbon dioxide have a color. 

does, does not 
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have a taste. 



3. Carbon dioxide — - 

does, does not 

4. Carbon dioxide — have an odor. 

does, does not 

5. Carbon dioxide is — __ than air. 

Kghter, heavier 

6. We use to test for carbon dioxide. 

lime water, hydrochloric acid 

7. The formula for carbon dioxide is 

C-o. CO; 

8- Carbon dioxide Sres. 

starts, puts out 

. TRUE OR Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentence is false. 

1 , The air has only oxygen. 

2, J Carbon dioxide is always a gas. 

3, _____ Carbon dioxide is lighter than air. 

4, 4 Carbon dioxide helps burning. 

5 , 4 The formula for carbon dioxide is C0 2 . 


i 

j 
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Hydrogen [H] is the lightest element. It is lighter than 
} air. Hydrogen has no color, no odor, and no taste. It is a gas. And 
f it can explode. That makes it dangerous. 

Hydrogen can be made in class. To do this, we add dilute 
sulfuric [sul PURE ick] acid [H 2 SO.,] to small pieces of zinc [Zn]. 

What You Need 

zinc 2-hole rubber funnel 

dilute sulfuric stopper collecting 

acid delivery tube bottles 

generating bottle basin with water cover glasses 

How To Do the Experiment 

1, Set up the materials as in Figure A on the next page. 

2, Add sulfuric acid to the funnel very slowly and carefully. 
Stop when it covers the lower end of the funnel. 

Bubbling starts right away. It shows that a chemical 
reaction is taking place. [Touch the bottom of the 
generating bottle. What do you feel?} 

Hydrogen gas is being produced. It passes through the 
delivery tube and then into the collecting bottle. The 
hydrogen gas fills the bottle by pushing out the water. 

3, When the collecting bottle is filled with hydrogen, 
place a cover glass over the mouth. Then place the 
bottle on the table upside down. (Remember, hydro- 
gen gas is lighter than air.] 
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What You Learned 

Answer the following questions. 

1. a) What kind of energy did you feel when you touched the generating bottle? 

b] This energy was being 

taken in. given off 

2. Hydrogen was given off because of a change. 

physical, chemical 

3. A chemical reaction take place. 

didr did not 

These are the symbols for the elements in this reaction. 

H — Hydrogen 0 — Oxygen Zn — Zinc S — Sulfur 

The chemical equation for this reaction is 

Zn + H 2 S0 4 » ZjiSO., + H 2 

4. Name the elements we started with. — . 

5. Name the elements we ended with. _ — _ — 
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6 . 


7. 


8 . 


9. 


10 . 


11 . 


Were any new elements added? 

Were any elements lost? 

Have properties changed? 

Did the elements change the way they link up? 

Were new products formed? 

Hydrogen is 

j an element, a compound 



:7>; : 


A. 

A dirigible is a kind of aircraft It floats because it ts lighter than air. 
At one! time dirigibles regularly carried passengers and cargo. 



1 . With which gas were dirigibles filled? 

2. Why were these airships dangerous? 


CHOOSE Choose the correct word or term for each statement. 
ONE 


1. At room temperature, hydrogen is a 

solid, liquid, gas 


2. Hydrogen a color. 

has. does nol have 


3, Hydrogen a taste. 

has. does nol have 


4. Hydrogen an odor. 

has. does not have 


5. Hydrogen is than air. 

lighter, heavier 


6. Hydrogen be used safely near a flame. 

can. cannot 


7. Hydrogen is 

an element, a compound 


8. Zinc is a — 

solid, liquid, gas 


9. Zinc is 

an element, a compound 


10 . Sulfuric acid is — — ■ 

an element, a compound 

TRUE QE Write T on the line next to the number if the sentence is true, 
jr a , T Sir Write F if the sentence is false. 


Sulfuric acid has hydrogen atoms. 


Zinc has hydrogen atoms. 

A chemical reaction takes place when sulfuric acid is added to zinc. 
The hydrogen that was collected came from the sulfuric acid. 

A balloon filled with hydrogen will fall to the floor. 


A dirigible has wings. 
Hydrogen is invisible. 


Zinc is a gas at room temperature. 
Hydrogen has a strong odor. 
Hydrogen is the heaviest element. 


1 . 

2 . 

3. 

4. 

5. 

e. 

7. 

8 . 

9. 


10. 
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splitting 


energy source is the sun. Solar panels and 
solar cells can provide an endless supply 
of pollution-tree heat and electricity. But 
solar energy is not practical for all energy 
needs. 

There is another renewable energy 
source that may be as important as the sun. 
That source is limirogai. Hydrogen is a very 
plentiful substance. Most of it is locked up 
in water molecules. And our planet has a 
huge amount of water in the oceans. 

We can obtain all the hydrogen we 
need by "splitting" (decomposing) water 
molecules. When water is split, its hydro- 
gen and oxygen are set free. 

Hydrogen can be burned to release 
heat. The heat boils water and makes 
steam. The energy of the steam spins the 
magnets or coil of a generator. This pro- 
duces electricity. 

Small amounts of hydrogen can be ob- 
tained by electrolysis. But electrolysis is 
not practical for large-scale water splitting. 
The process requires more energy than the 
released hydrogen can supply. 

How can we free large amounts of 
hvdrogen from water without using up 
other energy resources? Scientists are ex- 
perimenting with several methods. In one 
promising method the sun supplies the 
energy for a series of chemical reactions. 
They involve water and certain chemicals. 
The reactions split water into hydrogen 
and oxygen. This process is done in a 
“closed loop." Thai is. the chemicals that 
react to split water molecules are recycled 
without loss. 

Large scale water splitting is years 
away — possibly not until the turn of the 
century — unless, there is a breakthrough. 
But its day certainly will arrive. 


Water 


Burning reaction 


We live in an energy-hungry world. 
Human population is increasing. So is in- 
dustry and the demand for energy. 

We obtain most of our energy from 
burning fossil fuels: oil. coal, and natural 
gas. Nature, however, does not replace 
vyhat people are using up. As a result, costs 
are rising. Furthermore, fossil fuels pol- 
lute. They cause serious health and 
environmental problems. 

In the future, we must rely more and 
more upon iviieimW c energy sources. A re- 
newable source is one that does not get 
used up. The best known renewable 
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You have probably seen rusted iron and burning wood. 
You probably did not think that rusting has anything to do with 
burning. But they are very much alike. Both are chemical reac- 
tions that use oxygen. In both rusting and burning, oxygen links 
i up with other matter. 

The name for the link-up of oxygen with other matter is 
oxidation (ox i DAY shun). There are two kinds of oxidation 
rapid oxidation and slow oxidation. 

RAPID OXIDATION: In rapid oxidation, oxygen links up with 
other matter very rapidly. The chemical reaction gives off a 
flame and a lot of heat. What we call a flame is rapid oxidation. 

[ Another name for it is combustion [com BUS chun]. 

: SLOW OXIDATION: In slow oxidation, matter links up with 
j oxygen very slowly. There is no flame. The heat that is given 
off is so slight that it cannot be felt. 

Two good examples of slow oxidation are the rusting of 
iron and the decaying of food. 

The most important oxidation for us takes place in our 
bodies. The food we eat is oxidized slowly. This oxidation sup- 
plies us with energy we need to live. 




I. An example of slow oxidation 







12. An example of rapid oxidation 



COMPLETING Complete the sentences with the words below. One of these 
SENTENCES wor| I s ma y be used twice. 


rapid oxidation oxidation slight 

slowly heat slow oxidation 

flame combustion quickly 

slow' 


1. The link-up of oxygen with other matter is called 

2. The slow link-up of oxygen with another substance is called 

3. The fast link-up of oxygen with another substance is called 

4. Oxidation always produces 

5. Slow' oxidation produces only heat and no 

6. produces a flame and much heat. 

7. Another name for rapid oxidation is 

8. In rapid oxidation, oxygen links up with matter very 

9. in slow oxidation oxygen links up with matter very 

10. Rusting is an example of oxidation. 

TE.US OE. Write T on the line next to the number if the sentence is true. 
FALSE Write F if the sentence is false. 




1 


1. Oxidation causes a chemical change. 

2. Oxidation gives off oxygen. 

3. Oxidation takes in energy. 


4. Slow' oxidation gives off heat. 

5. Slow oxidation gives off a lot of heat. 

6. Slow oxidation gives off a flame. 

7. Rapid oxidation gives off a flame. 

8. Rapid oxidation gives off very little heat. 

9. Rusting iron gives off heat. 

10. Combustion is slow oxidation. 
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Oxidation takes place in every living thing. Life cannot 
go on without it. Oxidation in living things is necessary. Some 
kinds of oxidation, however, are not necessary. In fact, they 
cause problems. Here are some examples; 

1. Rust is one kind of unwanted oxidation. Iron rusts. 
Rusting can be prevented by covering iron so that 
oxygen cannot get to it. Some paints and grease can 
do this. Painting iron or covering it with grease pre- 
vents rust. 

2, Stale food is a result of oxidation. When you wrap 
food with plastic or foil, you keep away the oxygen. 
The food stays fresh longer. 

3. Slow oxidation can lead to spontaneous (spon TAY 
nee us) combustion. That is a fire that starts by itself. 
Spontaneous combustion takes place when the heat 
from slow oxidation builds up. The heat has no place 
to go. If enough heat builds up, a fire can start. 

One way to prevent spontaneous combustion is to 
store things in tight containers. This keeps away the 
oxygen. The other way is to store things so that the 
heat from slow oxidation can escape and not build up. 

4, Unwanted fires are caused by carelessness and ig- 
norance. They can be prevented The safety rules on 
page 177 show how. 


wm 1 


WHAT DO The pictures below show some examples of unwanted oxidation. 
PHS PICTURES hook at each picture. Read about it. Then answer the questions 

^ HOW? eac ^ P iclure - 


Rusting causes millions of dollars of dam- 
age every year. 



1. Did you ever see anything that was 
ruined by rust? If so, name it 


2. This Aim lists two things that can 
help prevent rusting. Name them. 






Some fires are started bv nature. We can- 
not stop them from happening. But most 
fires are started by people. 


This man is camping. He is enjoying na- 
ture. But he is throwing away a lighted 
match. 


9. Before you throw away a match, 
you should be sure the flame i$ 

and the head of 

lighted. oui 


the match is 

cool. W 


CHOOSE Choose the correct word or term for each statement. Write your 
Qfvjjn choice in the space. 


1. Oxidation is an example of a change. 

chemical, physical 


2. Oxidation always gives off 

heal, spontaneous combustion 


3. Rusting is an example of oxidation. 

1 slow, rapid 


4. Painting iron slows down rusting because the paint keeps away 

i v carbon dioxide. oxygen 


5. Whem paper oxidizes, it becomes 

soft, yellow 


6. "Combustible'’ means able to 

break, burn 


7. Paper, combustible. 

is. is not 


8. Iron i combustible. 

| is. is not 


9. A flabie is a sign of oxidation. 

rapid, slow- 
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PREVENTING FIRE IN YOUR HOME 


Do you know how to prevent fire? Each letter in this picture shows a way that fire can 
start in your home. Under the picture are ten safety rules for preventing fire. Write the 
letter from the picture that best matches each safety rule. 



SOME EIRE SAl-'f.TV Hi. LEA 

1 . Don't play with matches. — 

2. Keep matches away from children. _ — — ___ 

3. Be sure that matches are completely out and cool before you throw them away. 

4. Do not store newspapers in a closet. 

5. Do not store liquids that can bum. 

6. Replace worn electrical wares. 

7. Don't plug in too many wires in one outlet. — 

8. Never replace a fuse with a stronger fuse. Use the same size. 

9. Never run wires under a carpet. 

10. Unplug an appliance by pulling the plug. Never pull the wire. — — _ — — 

The best way to fight fires is to prevent them from happening. 

Learn not to burn! 
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Democritus: a wise man of an- 
cient Greece 

indivisible: not able to be sepa- 
rated or destroyed 

John Dalton: an English scientist 







A.IM How old is the idea 


atom? 


The idea of the atom, is far from new. Many years ago, 
before there were any “real” scientists, there were philosophers 
[fill AWS uh furs] — people who did mental “investigations. 1 ’ 
They worked with ideas. Over 2,000 years ago, a Greek philoso- 
pher named Democritus [dih MOK rih tus] had the idea that all 
matter was made up of tiny parts. He believed that these parts 
could not be divided or destroyed. He named them atomos. In 
Greek, atomos means “indivisible.” 

Democritus could not prove his idea. He couldn’t even 
test it. Other philosophers disagreed with his idea. So, it re- 
mained just an idea for many years. 

In the early 180Q’s, an English scientist named John Dal- 
ion described his ideas about matter. Dalton's ideas were based 
pn many scientific tests and observations. The ideas formed a 
theory that led to our modem atomic theory. 

The present atomic theory states: 

jl. All elements are made up of tiny particles called atoms. 

2. Atoms of a given element are alike. 

3. Atoms of different elements are different. 

4. Chemical changes take place when atoms link up with or 
separate from one another. 

5. Atoms are not created or destroyed by chemical change. 

i 

Democritus was on the right track over 2,000 years ago. 
But one important part of his idea has been proven wrong. 
Atoms are divisible. In fact, the “splitting” of the atom is the 
[basis for nuclear, or atomic, energy. 


180 


ABOUT NUCLEAR ENERGY 





This plant makes electricity by using 
nuclear energy. 

Today, only about 9% of the electricity 
we use in the United States comes from 
nuclear energy. 

More and more electricity in the future 
will be made from nuclear energy. The 
main reason for this is that our supplies 
of other fuels are running out. 

Fuels give us energy. 

Uranium is a nuclear (or atomic) fuel. 

A piece of uranium the size of a golf ball 
can supply the same amount of energy as 
1,361 metric tons (3,000,000 pounds) of 
coal. 

Ail fuels give off pollution. 

1. Take a guess! One kind of pollution 
that nuclear fuel does not give off is: 

a) smoke 

b) heat 

c) dangerous rays _ — 

Certain atoms are used to treat some 
diseases. 

2. Which of these illnesses can some- 
times be treated with rays from the 
atom? 

a) colds 

b) cancer 

c) chicken pox — 

Albert Einstein (1879-1955) was a famous 
man of science. He helped us to under- 
stand nuclear energy. 


C. 
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COMPLETING Complete the sentences with the choices below. 

SENTENCES 


The NS Savannah was the world’s first cargo ship to run on atomic energy. 

The Savanpah could travel 484,000 kilometers (300,000 miles) on only 59 kilograms 
(130 pounds) of atomic fuel. This distance is equal to 12 trips around the world at the 
equator. I 

A ship using oil would use 90,000 metric tons (200,000.000 pounds) of oil to travel the 
same distance. 


fuel John Dalton atoms 

seen Albert Einstein indivisible 

energy peaceful small 

Democritus 2000 divided or destroyed 

1. The atom was first thought of by a man named more than 

years ago. 

2. In Greek, the word atomos means 

3. Matter that is indivisible cannot be 

4. An English scientist named presented a modern atomic theory. 

5. All elements are made of 

6. Uranium is an atomic 

7. was a famous man of science who helped us to understand 

atomic energy. 

8. When an atom splits, it gives off 

9. The atom cannot be because it is so 

10. It is hoped that the power of the atom will be used only for 

purposes. 


SO kilograms (132.3 pounds) of atomic 
.fuel is the size of a ball that is 7.7 centi- 
meters (about 3 inches) across. 

Ninety thousand metric tons of oil . . . 

is equal in weight to ten Savannahs. 

is enough oil to fill six classrooms. 
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MATCHING Match the two lists. Write the correct letter on the line next to 
each number. 


1. 

Democritus 

a) 

modern scientist 

2. 

energy 

b) 

named the atom 

3. 

Einstein 

c} 

given off when the atom “splits” 

4. 

atomos 

d) 

English scientist, about 1800 

5. 

Dalton 

e) 

Greek word for “indivisible” 
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I A 


PERIOD 
| 1 


1 ' 

H 

Hydrogen 


PERIODIC TABLE OF ELEMENTS 


2 

II A 


3 

Li 

Liifitum 

693 


4 

Be 

SCfylhuf 
9.0 » 


Atomic number 


Number of electrons 
in each shell 



11 l 


12 l 

3 

Na ' 


Mg ! 


Sodium 


Msgnei.um 


32-98 


24.31 



IV 8 


59 I 

K ? 

Potassium 

39 10 


20 | 

Ca ? 

Calcium 

40.08 


21 I 

Sc 1 

Scandium 

44.35 

22 | 

Ti ’i 

Titanium 

47.90 

23 | 

V " 

Vanadium 

50.34 

24 i 

Cr '• 

Ouomum 

51.99 

25 *j 

Mni 

S4.93 I 

26 | 

Fe ’i 

0 on 

55.84 

I 27 i 

Co'? 

| CofisM 
S8.93 



92 i 

Rb'S 

Rubidium 

85.47 


38 l 

Sr 1 

Sl>«AliV<n 

87.62 


39 7 

Y 1 

2 

88,90 

40 £ 

Zr 18 

2 

Zirconium 

91.22 

41 | 

Nbli 

Niobium 

92.30 

42 1 
Mol! 

M<7lyO- 

dtnum 

35.94 

43 2 

Tc S 

2 

lechnfiiym 

r:)./r 

44 2 

Ruli 

1 

Ruthenium 

10* 07 

45 | 

Rhll 

i 

Rhodium 

102-90 






55 | 

Cs S 

9 

Conmi 1 
132.90 


56 l 

Ba IS 

6 

8jnym 3 

137 3« 


57-71 

La 

Series 

72 I 

Hf » 

MaJft.um 7 

178-49 

73 l 

Ta ?? 

1 

Taoialum 

180.94 

74 I 

W 3 

Tungsten 2 
183.85 

76 I 

Re 3 

» J3 
Rhenium 2 
186.2 

76 1 

Os 3 

Ojmiufn 7 

190-2 

77 I 

lr 3 

15 

indium 7 

192 2 


87 

8 

^ *8 

Fr 32 

francium ® 
1223J 


88 ? 

Ra | 

Radium jj 
12261 


89-103 

Ac 

Series 

104 

* 

105 

* 

106 

* 

107 

* 

108 

* 

109 

* 


Lanthanide Series 


Actinide Series 


57 l 

La 13 

9 

2 

t-anibartum 

138.91 

S8 | 

Ce '-3 

9 

7 

Ctnum 

J40 12 

59 ? 

p r ;s 

Priteo- 7 
dymiutn 

MO 90 

60 | 

Nd» 

Neodymium 

144 24 

61 1 
Pm 3 

2 

Piawiiuum 

[14SJ 

62 | 

Sm?l 

2 

$srn«r<um 

1 50.35 

1 63 l 

Eu A 

e 

1 2 
j Europium 

1 IS! 96 


89 | 

Ac ® 

9 

Atii«i«n 2 

1227) 

90 | 

Th 3 

Thonum 7 

232.03 

91 1 

Pa 3 

20 

Proxac- | 

12311 

92 | 

u 3 

V 21 

9 

Uijnium 7 

238.03 

93 s 

Npi 

Nepiu- £ 

(237) 

94 | 

Pu 3 

* M 23 

ptuio- 7 

(244! 

95 l 

Ami 

(2431 


* Names for these elements have not been agreed upon. 


-i V 
■I 1 

VM A 


13 

III A 


-J4 
IV A 


13 

V A 


16 

VI A 


1 ' 


2 7 

H 


He 

Hydrogen 


Rehum 

1.00 


4.00 


1*0 11 12 

9 l 

B 

8c»On 

10 81 

6 5 

C 

12.01 

7 1 

N 

Nitrogen 

14.G0 

8 «] 

0 

Onygen I 
15.99 | 

9 7 

F 

PluOfinC 

18.99 

io i 

Ne 

20.18 

13 II 

Al I 

Aluminum | 
26.98 

1 4 I 

Si * 

Silicon 

28.08 

15 | 

p 5 

Phosphorus 

30.9? 

16 | 

s 5 

Su»u« 

32.06 

I 7 \ 

Cl ' 

Chief me 

35.45 

18 1 

Ar ' 

Argon 

39.94 

. IB MB 




28 £ 

Ni * 

Niche! 

58.71 

29 | 

Cu? 

CcBPCf 

63 S4 

39 i 

Zn “ 

Zinc 

6S 37 

31 I 
Ga “ 

Ggiiium 

69.72 

32 l 

Ge* 

Germanium 

72.59 

33 l 

As " 

74 9? 

34 | 

Se ■: 

Selenium 

78 96 

35 I 

Br 

79.90 

36 1 

Kr ■ 

Krypton 

83.60 

46 7 

Pd :i 

0 

Palladium 

1064 

47 2 

A9 18 

107.87 

48 3 

Cd s 

Cadmium 

112.40 

49 1 

In !5 

3 

indium 

114.52 

50 2 

Sn if 

4 

Tin 

11869 

51 | 

Sb il 

5 

Antimony 

121.75 

Tei 

6 

Tcllufium 

127.60 

53 2 

6 

1 :: 

7 

12690 

__ 

Xe S 

8 

131 30 

78 ! 

Pt s 

POl.num 7 
195.09 

79 2 

Auj? 

Gold * 
196.96 

I 80 8 

Hgs 

I Verem y 7 

I 200 59 

81 2 

3 

TI 3 

18 

Thill. um 3 
204 37 

82 | 

Pb?| 

Lead A 
207.19 

83 7 

Bi 3 

*3 

Sumulli ^ 
708.98 

84 7 

PoS 

18 

Polonium ® 

1709 

85 2 

At g 

Ait it me 7 

12101 

86 2 

Rn| 

ftoden 6 

(2221 


64 | 

Gd» 

Cidoxfi- 7 

!S7 25 

65 l 

Tb 3 

2 

Tntjium 

1S8-92 

66 | 

Dy» 

2 

Oyjpiejium 

162.50 

67 i 

Ho « 

? 

Hoimiwm 

164.93 

68 ? 

9 

f** 18 

Er ™ 

7 

6 >b.um 

167 26 

63 | 

Tm =j 

2 

Thulium 

163.93 

70 1 

Yb?i 

2 

Ytierfatum 

173.04 


71 1 

Lu ?| 

7 

(.uieitutn 

174.97 



36 I 

Cm?? 

Curium j 

12471 

97 I 

Bk 3 

Scrhci- 9 

mm 7 

*247! 

98 7 

ct £ 

23 

Cil.lC'- 8 

mum 2 

*2511 

99 ? 

B | 

?in»tefH- 3 

iu«i 2 

(2S4J 

100 j 

Fm i 

Fermiumj 

'75?i 

101 1 

Md3 

Menddc- 8 
»ium 2 

12561 

102 | 

Nog 

Nobcliuin j 
t?S4t 


103 2 

Lr! 

(.jin ene 9 

12571 


184 


185 




LIST OF ATOMIC WEIGHTS 

ATOMIC ATOMIC ATOMIC ATOMIC 


jVAVJE 

SVWBOL 

NUMBER 

WEIGHT 

■\V\M£ 

SYMBOL 

NUMBER 

WEIGHT 

Hydrogen 

H 

1 

% 

Cesium 

Cs 

55 

133 

Heliiim 

He 

2 

4 

Barium 

Ba 

56 

137 

Lithium 

Li 

3 

7 

Lanthanum 

La 

57 

139 

Beryllium 

Be 

4 

9 

Cerium 

Ce 

58 

140 

Boron 

B 

5 

11 

Praseodymium 

Pr 

59 

141 

Carbon 

C 

6 

12 

Neodymium 

Nd 

60 

144 

Nitrbgen 

N 

7 

14 

Promethium 

Pm 

61 

147 

Oxygen 

0 

8 

16 

Samarium 

Sm 

62 

150 

Fluorine 

F 

9 

19 

Europium 

Eu 

63 

152 

Neori 

Ne 

10 

20 

Gadolinium 

Gd 

64 

157 

SodiUm 

Na 

11 

23 

Terbium 

Tb 

65 

159 

Magnesium 

Mg 

12 

24 

Dysprosium 

Dy 

66 

163 

Aluminum 

Al 

13 

27 

Holmium 

Ho 

67 

165 

Silicbn 

Si 

14 

28 

Erbium 

Er 

68 

167 

Phosphorus 

P 

15 

31 

Thulium 

Tm 

69 

169 

Sulfur 

S 

16 

32 

Ytterbium 

Yb 

70 

173 

Chlorine 

Cl 

17 

35 

Lutetium 

Lu 

71 

175 

Argon 

Ar 

18 

40 

Hafnium 

Hf 

72 

178 

Potassium 

K 

19 

39 

Tantalum 

Ta 

73 

181 

Calcium 

Ca 

20 

40 

Tungsten 

W 

74 

184 

Scandium 

Sc 

21 

45 

Rhenium 

Re 

75 

186 

Titanium 

Tx 

22 

48 

Osmium 

Os 

76 

190 

Vanadium 

V ' 

23 

51 

iridium 

Ir 

77 

192 

Chromium 

Cr 

24 

52 

Platinum 

Pt 

78 

195 

Manganese 

Mn 

25 

55 

Gold 

Au 

79 

197 

Iron j 

Fe 

26 

56 

Mercury 

Hg 

80 

201 

Cobalt 

Co 

27 

59 

Thallium 

T1 

81 

204 

Nickel 

Ni 

28 

59 

Lead 

Pb 

82 

207 

Copper 

Cu 

29 

64 

Bismuth 

Bi 

83 

209 

Zincj 

Zn 

30 

65 

Polonium 

Po 

84 

210 

Gallium 

Ga 

31 

70 

Astatine 

At 

85 

210 

Germanium 

Ge 

32 

73 

Radon 

Rn 

86 

222 

Arsenic 

As 

33 

75 

Francium 

Fr 

87 

223 

Selenium 

Se 

34 

79 

Radium 

Ra 

88 

226 

Bromine 

Br 

35 

80 

Actinium 

Ac 

89 

227 

Krypton 

Kr 

36 

84 

Thorium 

Th 

90 

232 

Eubipium 

Rb 

37 

85 

Protactinium 

Pa 

91 

231 

Strontium 

Sr 

38 

88 

Uranium 

U 

92 

238 

Yttrium 

Y 

39 

89 

Neptunium 

Np 

93 

237 

Zirconium 

Zr 

40 

91 

Plutonium 

Pu 

94 

244 

Niobium 

Nb 

41 

93 

Americium 

Am 

95 

243 

Molybdenum 

Mo 

42 

96 

Curium 

Cm 

96 

247 

Technetium 

Te 

43 

99 

Berkelium 

Bk 

97 

247 

Ruthenium 

Ru 

44 

101 

Californium 

Cf 

98 

251 

Rhodium 

Rh 

45 

103 

Einsteinium 

Es 

99 

254 

Palladium 

Pd 

46 

106 

Fermium 

Fm 

100 

253 

Silver 

Ag 

47 

108 

Mendeievium 

Md 

101 

256 

Cadmium 

Cd 

48 

112 

Nobelium 

No 

102 

254 

Indium 

in 

49 

115 

Lawrencium 

Lr 

103 

257 

Tin I 

Sn 

50 

119 


** 

104 

* 

Antimony 

Sb 

51 

122 

* * 

* * 

105 

* 

Tellurium 

Te 

52 

128 

** 

** 

106 

* 

Iodine 

I 

53 

127 

’Information not yet available 


Xenon 

Xe 

54 

131 

**Not yet named 





186 




